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To HIS GRACE 



JAMES, 

Duke of CHAN DOS. 



May it pleafe your Grace, 

t/WionG all the Mathematical Sciences^ 
I which have been continually impro- 
\ "ved^ and are daily improving in the 
World, the jirjl Place has, as it were, 
^y general Confent, been always given to Aftro- 
nomy. ^d J'uch has been either the good 
Fortune of the Science, or the Virtue of Man^ 
kindj that the greatefl and mofl eminent Per- 
fons in all jiges and Nations, have been Pa~ 
trons and Encouragers of this Study above all 
others. 

A 2 Mat 




Dedication. ^ 

May it pie afe your Grace ^ therefore ^ to take 
this Book into your ProteSlion^ Jince whatever 
nuty be "wanting^ either in the Work or the Au^ 
tbor^ to recommend it to your Favour^ will 
abundantly be fupplied by the Dignity of the 
SubjeSl. . 

F OK to whom can I Jo properly fend a Trea^ 
tifeof the Stars anl%eavenly Motions ^ as' to 
^-faithful and zealous Servant of that hea^ 
venly King, who knoweth the Number of the 
Stars, and calleth^ them by theif Names? So re^ 
markable is your Grace's Zeal for the Service 
and Honour of God, that you took particular 
Care to adorn his Houfe, before you would lay 
the Foundation of your own. Nor did your 
Care extend only to the Ornaments of the Tem^ 
ple^ but likewife^ and more efpeciqlly, to the 
Decency of the Worjhip : Tou calPd Mujick in 
to excite Devotion ; Mujick being the Delight 
and Employment of the heavenly Choir. 

You, wj^ Lqrd, are the publick andjiand^ 
ing Mark of all Mens Admiration, the beau^ 
tijul Pattern which all defre to imitate, tho' 
Jew can hope to equal. In publick Affairs^ 
what Statefman more able ? In domejiical Ma- 
nagement^ what private Man more expert?- 
In the conjlant fidting and exdSi keeping of 
Accompts, nobody more provident, nobody more 

frugal : 
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frugal: In ExpenceSy nobody more liberal: 
In LtirgeffeSj nobody fo magnificent. 

So great is your j^ffeSiion to Learning 
and the Learned^ that while you make your- 
felj Majier of every Art, you give Matter 
and Encouragement to every A)-tiJi. "To the 
particular Science which is the SuhjeSi of this 
Book, your Grace is fo eminent, fo beneficent 
a Patron^ that in the fiately and beautiful 
StrtiBure of Cannons, Aftrommers will find 
every Thing for the Improvement of their 
Knowledge; Inftruments worthy of the Science, 
and an Obfervatory worthy of its Lord. 

The Book I now prefent is a Tranflation 
of tbofe Afironomical LeBures, which were 
honoured with your Grace's Name at their firft 
'Publication, in the Language they were read 
in at the Univerfity of Oxford. The Verfion 
was made at the Requeji, and for the Service 
of, the fair Sex, and particularly for the Ser- 
vice of the great Ornament of her Sex, the 
Duchefs of Chandos. It is no Flattery to 
ibe Ladies, to fay ^ that fuch of them as delight 
in Arts and Sciences, as to ^icknefs of Per- 
ception, and Delicacy of Tajie, are equal, if 
not fuperior, to Men ; and it is no Affront to 
the mofi refined of either Sex, to fay, ' there is 
not a finer Genius than my Lady Duchefs. 
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May every Star in Heaven Jhed its kind- 
er Influence on both your Heads. And may 
ym kmg continue to enjoy that j^uence^ which j 
Hke the Rays of the Sun^ f Cotters Light and 
Warmth to all round you. 

This, my Lord, is a general JViJh^ becaufe 
it is for the general Qoodof Mankind y partis 
cAksrh of him "who is, with the deepefl Senfe of 
OtaUtudi, 



Tour Graces 



Mofl faithful and 
Moft bumble Servant ^ 



John Keill^ 
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PREFACE. 

iMoNG all the Gifts and Benefits ths 
1 moft bountiful God has moft plenti- 
J fully bellowed on Mankind, thofe arc 
K in the firft Place valuable, which con- 
fift in the Imptovements of the Mind 
by Arts and Sciences. And as among the Sciences, 
there are none which Afirmemj comes behind 
upon the Account of its Antiquity, and the Plea- 
fure that attends the Studv of itj fo it will yield 
to none of them on the Account of its Ufefulneis, 
and the Advantages it affords to human Life. 
By it we difcover the wonderful Harmony of 
Nature, wherewith the Frame and Strm^ure of 
all created Beings are link'd and knit togerhefj 
to conftitute the great Machine of the Univcrfe. 
ARroTioniy teaches us to obferve and difcover the 
Motions of the heivenly Bodies, and it weighs 
and confiders the Vigour and Force by which they 
circulate in their Orbs. It is a Science, which the 
grcatefl Heroes, from the Beginning of the World, 
have taken Pleafure to liudy and improve; fo that 
it was always efteemed as a Science fie for Kings 
and Emperors to employ chemfelves in. On which 
Account, the Chaldean Wife-men and Philofophers 
were always reverenced and favoured by the an- 
tienc Kings, who thought it abfurd that any (hould 
govern the World, who knew not what the World 
was. 

The Excellency of this Science appears from 
this, that there is no Knowledge which 13 attain'd 
by the Light of Nature, that gives us truer and 
jiiller Notions of the SLiprerae and Almighty God 



1 



u The T RE FACE. 

the Maker of both Heaven and Earth, than k dqcs: 
None furnUhes us with ftronger AmimehtB by 
.which his Exiftence is demonftrated ^ nothing 
fliews more his Power and Wifdom, than the Con- 
templation of the Scars and their Motions. That 
Prophet as well as King, the Holy DavU, tells us, 
that The Heavens declare the Glory rfGody and the 
Firmament (be^etb his Handj-Work. And ^gutky 
The Heavens declare his Bightewfnejsy ^and aS the 
People have feen his Glory. 

• MARCUS ThIUus Ciceroy who was guided only 
by the Light of his own Reafon, had the fame Sen« 
timents. Nothings fayft he, is more evident^ nothing 
plainer y when ivelook up to theJHeavensy andcontem* 
flate the Bodies tberoy thorn that there is a Deity of 
mofi excellent Wijdom nobo governs them. What is 
there that more ravilhes the Mind of Man into an 
Admiration, Reverenee and Love of God, than fo 
many and fo great Bodies endowed with heavenly 
Light, moft (dutiful to the Eye, and when con- 
templated, moft delightful to the Underftanding ? 
Their mutual Intercourfes, nx)ft regular M^otions^ 
their certain and determined Circulations, and their 
.Returns and Periods fettled by a divine Law, in an 
admirable Harmony, make manifeft to us the im- 
menfe Power, Wifilom, and Providence of their 
Maker ,• which when we confidcr, we muft necef- 
ferily acknowledge, reverence and celebrate the 
Author and Contriver of all thefe Things. 

Besides, Afironomyy widi its fiiblime Specu- 
lations about fo many and fi> large Bodies, and 
at fuch immenfe Diftances, does wonderfully pleafe 
and recreate the Mind. 

Astronomy, for the Certainty and Evidence 
of its Demonllrarions, is not inferior to Geometry^ 
its Ufefulneis is manifold, and the Amplitude of 
.its Suhjs^i is fo large, that it comprehends nothing 
lels than the World itfelf. For as, among all the 
liberal Sciences, there are none that contemplate 
Objedls more in Number, greater in Quantity, or 
at longer Diftances from us, than Afironomy\ fo like- 
- wife there are none in which there i(ull remain 

fewer 
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ffiWcr DifSculcies to be explained, Objeflions to 
be anfwercdjor Scruples to be removed, than there 
are in jifironatny j and no Science has yet attained 
fo great a Degiee of Perfedion as it has, 

I N moft of the other Arts there arc feveral inex- 
tricable Labyrinths ; many ftrange Objections are 
raired, and unarfwerable Arguments, which do fo 
confound the Mind, that like thick Qouds, they 
flop ail further Profpedt and Difcovery. But the 
Motions of the heavenly Bodies are now certainly 
known, and their Caulcs detnonll rated, and the 
Reafon of all the Fh<emviefia of the Heavens are 
exactly underftood. 

The fmallefl Stars we can fee, tho' they be at 
an unmeafurable Diftance from us, yet have their 
Longitudes and Latitudes exaiSly determined, their 
proper Places fettled, and are all reduced into Cata- 
logues; tho' at the lame time the Science of Geo- 
graphy^ or a Defcription of our own Habitation, is 
fo imperfeft, that we have an exadi: Determina- 
tion of the Longitudes and Latitudes of but a very 
few Places; there ftill remaining many Unkno'wit 
Lands and Countries, that have not as yet been dis- 
covered I And there are now great and far extend- 
ed Continently of which we fcarcely know any thing 
befides their Coafts and Shores. And what is ftili 
more ftrange, in our little Provinces and Counties 
which we daily travel over, there are many Towns 
and Cities whofe Politions are ftill uncertain; as 
is plain from the many Geographieal Maps of them, 
which contradi(S each other, 

Th e AfironamtTf foretel, for many Ages [o come, 
the Eclipfes of both Sup and Moon, their Quanti- 
ties and Durations ; the Conjundioos, Oppo- 
(icions and mutual Afpefts of the Planets, and wha: 
will be the Diftances of all the Stars from the Pole 
at any Time: Whereas there is no Man fo well 
skilled in Meteorologj, as can certainly foretel what 
will be the State and Condition of our Atmolphere 
for the very next Day, and yet it reaches but a 
few Miles from us : We are unable to judge whe- 
ther we fliall have fair Weather or foul, calm or 
ftormy, 
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florin)') or c'cn fo much as lo fbrefee from what 
Point ihe Wind will blow. And this is no Won- 
kier, Cnce the Caufes from whence thofe £Se£ts 
arife arc unfearchabic. 

No Phihfoph^r has ever yet difcovercd the Fi- 
gures of the fmall Parts of Matter, or the Texture, 
fiitervals. Form and Compofition of the Parts of 
the mod common Plant. Nor. his any Phyfician 
yet found out the Rcafbn of the Virtues and Ope- 
ntiom, by which iheir Medicines affeifi human Bo- 
dies. Am even in all animated and vegetable Bo- 
dies, the Fountain and firft Principle of Life and 
AiSion is unfearchable, and looks like a Myftery 
much beyond tlie Reach of our Undcrftanding, 
which Knowledge pcfhapS) in this Life, is never 
to be attained. But Ajlranomm in their proper 
Science meet wirh no fuch DiiScuhies , tbey con- 
tcmpiate not the Natures, but the Motions of the 
celcftial Bodies, and they clearly account for the 
Vhtciiometht or Appearances that arife from thence : 
They not only determine what fort of Motion the 
Planets have, and in how lar« a CompiJs they 
cffcolatci but ihey like wife (lie w us the crooked 
Tra<Ss in ftie immenfc Regions of Space which the 
Wandering Comets take: They can give us thcGro- 
netrkal Pro^rries of their Orbits, and the Laws 
which theyobfcrve indefcribing them, Thzj^^o- 
ncmert are not ignorant, where or when the Planets 
are at their farihefl Diftance from the Sun, and 
participate the leaft of his Heat and Light ^ from 
whence they return, and are conftantly quickened in 
their Motions by the Sun, who draws them towards 
himfelf> 'till they come to thofe Parts of Space, 
where they make their neareft Approach to him, 
enjoy moft of his Heat and Light, and are aduated 
by the greateft Force of their own Gravity. 

Most of theDifcoverieswehave related, were 
known to the Afironomsrs of former Ages. But our 
Times, and this our Country of Britain, have had 
the Happinefs to produce a Geiiiui of a divine Na- 
ture, and extraordinary Qualities; I mean the great 
Sir ISAAC NBUnroN, who, befides his innu- 
merable 
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inerable other wontJerful Inventions, has difcover- 
cd [he Fouiicain and Spring of all the celeftial Mo- 
tions, and [he great Law, which is univerfally dif- 
fufed through the whole Syftem of Nature, which 
the Almighty and Wife Creator has commanded all 
Bodies to obferve, vi%. That every Particle of 
Matter artrafls each other in a reciprocal duplicate 
Proportion of its Diftance. 

This Law is, as it were, the Cement of Na- 
ture, and the Principle of Union, by which all 
Things remain in their proper State and Order; it 
detains not only the Planets, but the Comets with- 
in their due Bounds,and hinders them from making 
Excurfions into the immenfe Regions of Space j 
which they would do, if they were only aftuated 
by a Motion once implanted in them, which na- 
turally they would always preferve, according to 
the principal Law of Motion. 

W E are obliged to the fame Gentleman for the 
Difcoveiy of the Law that regulates all the hea- 
venly Motions, fets Bounds to the Planets Orbs, 
determines their grcateft Excurfions from the Sun, 
and their nearcft Approaches to him. To this fub- 
lime Genius we owe, that now we know the Caufe 
why fuch a conftant and regular Proportion is ob- 
ferved, by both primary and fecondary Planets, in 
their Circulations round their central Bodies, in 
comparing their Diftances with their Periods,- aoti 
why all the celeftial Motions are ftill continued in 
fuch a Wonderful Regularity, Harmony and Or- 
der. The fame incomparable Perfon, having a 
complete Knowledge of the Laws of Nature and 
Motion, has from them fumiflied us with a new 
Theory of the Moon, which accurately anfwers all 
her Inequalities, and accounts for them by the 
Laws of Gravity and Mechanifm ; fo that now the 
Moon's Place, computed by the Rules of this new 
Theory, docs not fenfibly differ at any Time fi-om 
what it is obfcrved to obtain in the Heavens, which 
does exceed the Hopes and Expedations of our 
^Jlrenomers ; fti that we have now a Profpedl of 
iving our Navigation, by finding from Ob- 
fcrvations 
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icrvations of the Moon, the Longitude of s. Ship 
at Sea: A Probirm of great Ufc, whofe Solution is 
much to be defircdi and for which there are very 
aiDple Rewards allowed. 

T H E H R is nothing that does more (Ticw tlie 
Force and Penetration of human Undcrftanding, 
than thcie great and wonderful Difcovenes- There 
is no more certain Way of comprehcndine the pro- 
digious Bulk of tiie whole mundane Fabrick, or 
the amazing Beaufy of fo divine a Strudlure, and 
the infinite Wifaom of its divine Contriver, 
than by confidgring ihefe Laws which are lately 
diTcovered. From them we learn to have a molt 
noble and mapiificcnt Notion of the whole Syftcm 
of Nature. Now wc are alTured, ihat this Earth 
wc inhabit, is but a fmall and in con fide table Part 
of a glorious Fahrick i fince there are almoft in- 
Snite Worlds, created by a Supreme and an AI- 
m^hty Being, which are prodigioufly larger than 
ours, in theoifpoling and governing of which, the 
fame Being exercifcs his infinite Power and Wif- 
^dom. It if he luho/potg the iPard, and the Heavtnt 
yasere waiU. He commanded^ and they -were treated. 
He hath made ihemfafi for ever andever. He hath 
given ihtm a. hain ■whkb jball not be broken. 

Astronomy is not only ufeful, as it improves 
the Mind, and by its moft delightful Speculations, 
iocreafes the Force and Peneirarion of the Under- 
Jlanding ; But it is likewifc a confidcrable Help 
to the perfetfling of other Arts and Sciences. «i 
how great Darknefs would the Geographers^ the 
Chrofiaiosijis wander, were they not affiftcd with 
Light from Afironofa) 1 To it is owing, that wa 
know the Figure and Magnitude of the Earth, and 
find out the Situations and Distances of Places. 
We learn from it the true Meafure of the Year, 
and can give an Account of Adtions, accordii^ to 
the true Order of the Times in which they hap- 
pen'd. Hence is evident, how ufeful jifironotitf 
is to human Affairs i for without it, we could have 
no Geography nor Chronology, and confcquently no 
certain Account of Hiflory. 

But 
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But among all the Arts and Sciences, there is 
noDc that has received greater Improvements from 
^firennmy^ than Navigathn has done; for by our 
Koowletige io itj we can carry our Ships through 
ihc vaft Ocean in a right Courfc, though there is 
no Ttadt to be fecn, and vifit the utmort Regions 
ot the Earth. Hence arife the Advantages of 
Trade and Commerce ; fo that whitever Things 
other Countries afford, that are either precious or 
delightful, we receive and enjoy without the In- 
conveniences of intemperate Heats or Colds, to 
which thofe Countries are liable- It is owing to 
our Skill in Navigation, that our Briti/h Monarchs 
have obtained the Sovereignty of the Seas: So that 
there is no Nation, at what Diftance foever, buc 
what arc kept from doing Injuries to our Country- 
men, by the Terrors of a Briii/bFleet. 

As the Art of Sailing does, in a great tneafurc, 
depend on the Knowlet^e of the Stars; To the im- 
petuous and ambitious Defires of Kings and Prin- 
ces, to difcover unknown and foreign Countries, 
inclined them to cultivate .<i/?»'o«owy. Thefirftand 
chief of all the Sailors was Neptune, who, upon 
the Account of his Skill in this Arc, was celebra- 
ted as God of the Ocean. His Son Bslus, being 
an j^{lrmomcr, by his Knowledge therein, carried 
the Inhabiiants of Libya into j^Jia, where he infti- 
tuted Collies of jiftronomeTs j lor Diodorus, in the 
firft Book of his Hiftories writes thus : It is report, 
td, fays he, that the Egyptian Bcius, the Son of 
Neptune and Libya, brought « Colony to Bibylon ; 
and there he iafiituted Priejls, luhom the Babylo- 
nians call Chaldeans; -whot after the manner of the 
Egyptians, i^ere to ohferve the Starr. Before his 
Time, there was Atlas King of Mauritania, a great 
jijironomeri who firft fhewed us the Dodrine of the 
Sphere. And therefore Virgil introduces lopas ling- 
uig, what-4(/flr had taught Mankind, 

' Docuit qu£ maxijnui Atlas, 
Hie canit errantem LuTiam, Solifyue laboret. 

So Uranus, King of the Country (ituated on the 
Shore 
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Shore of ihc Aiia»tkk Ocean, for his Skill in Ap9- 
mmy, is faid to have been defcended from the 
Gods. ZnToafier a Ftrjlax PhiloCopher, is celebrated 

S" all Anciauity, ai a. skilful Afirommtr. Atid the 
Miour ana Dignity of this Science was had in lb 
greic a Reputation, as to be called the Royal Sei- 
tmce, being that Kings were moft delighted by it 
above all others. For the Kings of Africk and Sjw 
ria firll invented and improved it> and that long 
before it was known in Greece. This Plato ac- 
knowledges in his Dtaloguei which he calls £pnw- 
wfii. Tie firj}, fays he, naho obferved theft Tbingf, 
•was A Barbarian, wfeo lived in an avtient Counlrjy 
•where, upon the Aceaunt of the Clearnefs ofrheSam- 
mer Seafan, they could firft difcover thea, fuch at 
Egypt and Syria, 'inhere the Start art clearly feen, 
there being wither Raiaf nor Clouds to binder their 
frofpeit. And tetaufe-we are mart remote from this 
SuMioer Clearnefs of Weather than /j&c Barbarians, w* 
eame later to toe Knowledge of thtfe Stars. SoLu- 
tian tells us, IJ&tf* /if Ethiopians jTr/? toak Notice of 
the heavenly Motiont, and by finttmg the Caufes of 
the Lunations, they knew that the Moon had no prof- 
fer Light of its o-j)n, but borrowed it from the Sun. 
However, it is certain, that Afironomy, from the ve- 
ry Beginning, was cultivated and improved by the 
Eaftern Nations. For if we may believe Porphyry^ 
when Alexander took Babylon, Calliflhenesy at the 
Defire of Arifiotle, carried fiom that Ciiy the Ob~ 
fervations of 1905 Years, which brings the Begin- 
ning of thcfe Obfervations to 117 Years after the 
Flood, and i^ Years after the Building of Babel. 
Pliny in his Natural Hillory relates, that Epigenes 
affirmed, that the Babylonians had Obfervations of 
720 Years, all graven upon Bricks. And Achillet 
Tatius, in the Beginning of his Incrodudlion to 
Aralus's Phanemena, informs us, " That the Egyp' 
" tians were the firft who meafured the Heavens 
" and the Earth ; and their Science in this Matter 
" was engraven on Columns, and by that means 
« (delivered toPoftcrity. Yer ihcCha/deans take the 
*' Honour of the Invention to themfclves, and 
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« afcribe it to Be/w." The Greeh had all their 
jifirommiial Learning from Egypt : For Laertius 
owns, [bat Thalesy Pytb/rgorMS, EuJoxus, and many 
othcrsj went to that Country to be inftriicled in 
the Sidereal Science : Thefe Men were not on- 
ly the firft, but the greaceft Phiiolbphers that 
Greece produced : And from the fame Author we 
know, that they who ftaid longeft in ihac Coun- 
try, were moft famous for their Skill in Geometry 
and AjiroHOJity, after they returned home: So Vy- 
thagvTas-, who lived in Society with tha Egyftian 
Priefts feven Years, and was initiated into their 
Religion, carried Home from thence, befidcs fe- 
veral Geametrual Inventions, the true Syftera of 
the Univerfe ; and was ihe firft that taught ia 
Greece, that the Earth and Planets turn'd round the 
Sun, which was immoveable in the Center ; and thai 
the diurnal Motion of the Sun and fixed Scars was 
not real, but apparent, atifmg from the Motion of 
ibe Earth round its Axis. At that Time nobody 
wasefteem'das aPhilofophcr,but who was well ac- 
quainted with the mathematical Sciences. 

But thefe Sciences were foon ncgleifted by the 
Philofophers that came after them, who much de- 
generating from their PcedecefTors, had fo little Care 
and Concern for the mathematical Sciences, eib&- 
cially Afironomy, that of all the Obrervations of Ec- 
lipfes, for the Space of near 2000 Years, that were 
fent from Babyloit by Ci/Iifibenesy Ptokrny could 
recover but a very few, the reft beinff loft by the 
Carelefoefs, Negligence, and want of Skill of thofe 
Men, who fliould have preferv'd them. For thefe 
Pretenders to Philofophy, having no Concern for 
the ufefal Parts of it, fpent their Time about Tri- 
6es, and Difputes of no Value, and in endeavour- 
ing to find out Sophifms, whereby chey would im- 
Sofe upon their own, and the common Senfe of all 
dankind : Such were Zeno's Arguments againft 
Motion, and moft of the Philofophers Difputadons 
agaioft the Divifibility of Matter in infinitum; 
whereas a little Knowledge of Geometry would ea- 
fily have diflbived all the Difficulties they could 
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raifir. But tho' Aftrommj was Aas banUhed out of 
the Schools of the common Pbilofi)phers,yet it was 
tcceived and cultivated by fome, tho' but a fewy 
cfpecially by ihtVjthsg^eMSc&y which flourifli'd 
in luly manv Years, tmon^ whonni was FhiloUmf 
Mnd ArifisfcloMs Samins. The Ptekmiesj Kings of 
Egjftywert aUbgreatPatrons of Learning, they found- 
ed an Academy h:)r Aftronomj ^Ahxmndriay which 
fiimilhed us with great Men, the chief of whom was 
Hipparchitfy who> according to PUnyy undertook m 
Bufinefs nuhsch nvould have been a ^fMt Work for m 
tSod to perform-i that isj to numbir'the StarSy and 
leave the Heavens for an Heritage to all that como 
after. This Man foretold the Edipfes of both Sun 
and Moon for 600 Years; and upon his Obfervati- 
ons is founded that precious Work of P/<>/<pw, which 
he caird his iiiydKni fftipja^tc, or his great Q)nftru- 
dion ; for from them he gathered the Preceffion of 
the Equinoxies, and the Theory of the Planets. 

When Egjfpt was conquered by the Saracens^ 
tnd Alexandria reduc'd under their Jurifdidlion, 
the Conquerors took Ajironomy^ with the reft of the 
Liberal Arts, under their. Protedlion ; and took 
care that moft Part of the Books concerning the 
Liberal Arts and Sciences Ihould be tranflated from 
the Greeky into their own AraHian Language. 

The Saracens paffing frotn Afriek into Spain^ and 
having a Commerce with the Weftern European 
Nations,imparted to them the Science of -^r^^^wy^, 
which before was almoft loft in'B«/r^jJ«; fo that 
tbout the Year 12^0, at the Command of the Empe- 
ror Frederick^ Ptohm/s Almageft, or his great Syn- 
taxis, was tranflated from the Arabick into Latin. 

After that Time, Agronomy received many 
Improvements from the Patronage of the greateft 
Princes, and the Labours of > the moft celebrated 
Philofophers ; among whom, in the firft Place, 
is to be nam'd Alphonfus King of Caftiky who is 
never to be foi^otten, on tne Account of the 
AftronomicanMcSy call'd after his Name. Nico^ 
laus Copernicus was not only a diligent Obferver, 
but alfo a Reftorer of the - ancient- Pythagorean 

Syftem. 
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Syftem; Prince IViUiamt Landgrave of Hejr,\v\{0 

procut'd Quadrants and Sextants much larger than 
what were?orinerly us'd,to obferve the true Places 
of the Stats : This Prince's Obfervations are pub- 
Ii(hed by SnelUus. Sir Henry S^tvi/i was moll skil- 
ful both in j^firinioTny and Geometry, who is ever to 
be honoured for his Munificence in founding our 
two Profeffions o? jiftronomy and Geometry in the 
UniveiCty of Oxford, and endowing them with 
ample Salaries; upon which Account, and many 
o[her Benefits be beftowed on the learned World, 
he will always be had in Remembrance with the 
greateft Refpeft. That Noble Dane Tycho Brake, 
who for his Skill in obferving, was fuperior to all 
that went before him ; and who, for the Furni[ure 
of his Obfervarory, exceeded even Princes and 
Kings: He publi/hed a Catalogue of 770 fixed 
Stars, which he had diligently obferv'd. yob» Kep- 
kr, a moft excellent A^mnarner, by the Help of 
Tfcbo's Labours, found out the true Syftem of the 
World) and the Laws the Celeftial Bodies obferve 
in their Motions, with which he vaftly improv'd 
AjlroMmy i his excellent Works are well known to 
the learned World, and will ever fl^ew how much 
he is to be praifed. Galileus^ the Lymian Philofo- 
phei) who firft applied a Telefcopc to the Heavens, 
snd by its Means difcover'd a great many new inx- 
m.ung Pb^cnomenai as the Moons or Satellics of 
Jupiter, and their Morions i the various Phafes of 
Saturn; the Increafe and Dccreafe of the Light of 
Venus; the mountainous and uneven Surface of 
the Moon; the Spots of the Sun ; and the Revolu- 
tion of the Sun about his own Axis; all which were 
firft obferv'd by this great Philofopher. 

I fliould much exceed the Bounds of a Preface, 
if I ffiould name the reft of the great Improvers 
of out Art, with the Praifes that are due to ihem ; 
particularly, Heve!m, who has given us a Ca- 
talogue or the fixed Stars, much larger than Ty- 
eho's, compofed from his own curious Obferva- 
tions. The moft illuftrious Gentlemen, MeCfieurs 
WngcTts and Caffiii, who lirit faw the Satcllits of 
3 Saturn, 
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Satunh And difcovered his Rine : Gajfendus^ Harr$Xy 
Bullialdusy IVard^ Ricchlusy and many other Afir^ntht 
mers of great Renown. But we nave one hexe^ 
who on Account of his great Merits in Afironamyj 
does excel them all, that is, the moft eminent and 
learned Dr. Edmund Halley^ Savillian Profeflbr of 
G€ometry\in this Univerfity, my moft friendly Col-^ 
legue^ to whofe Labours Agronomy owes many, 
and thofe not froall Improvements j in him there 
fhincs out together (which I know not if they are to 
be found in any other Perfon to fuch a Degree) the 
greateft Dexterity in Pra<S^ical^r0jiM7OT/,aiuiamoft 
profound and exquiiire Skill in Geometry^ which 
wiil appear by his Afironomkal Tables, which he is 
fliordy to publifti i tor they will far excel all others 
that ever were, or perhaps ever will be publiflied. 

I could name many others of our own Country- 
men, who have done much Service towards the 
Improvement of Aftronomy ; but we muft not pafi 
over in Silence the Labours of the celebrated Royal 
Profeflbr, i\\G\ziQMx, John Flawfieedy who with in-f 
defatigable Pains, for more than 40 Years, watch-* 
ed the Motions of the Stars, and has eiven us innu^ 
merable Obfervations of the Sun, Moon and Pla- 
nets, which he made wiih V£ry large Inftruments, 
cxadly divided by moft exquiQt'c Art, and fitted 
with telefcopial Sighrs. Whence we are to rely 
more on the Obfervations he hath made, than on 
thofe that went before him, who made their Obfer- 
vations with the naked Eye, without the Afliftance 
of Tclefcopes. The (aid Mr. Flamft^ed has like- 
wife compofed the Britijb Catalogue of the fixed 
Stars, containing about 3000 Stars, which is twice 
the Number that are in the Catal(^ue of Hevelius ; 
to each of which, he has annexed its Longitude, La- 
titude, Right Afccnfion, and Diftance from the Pole j • 
together with the Variation of Right Afcenfion and 
Declination, while the Longitude increafes a Degree, 
This Catalc^ue, together with moft of his Obfer- 
vations, is printed on a fine Paper and Charafter, 
at the Expence of the late Prince George of Vep^ 
mrk 7 biit Mr. Fl^ipjlfedy bcforq he died, bad near 

fipi(}^^c4 
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H finifted another Edidon of them at his own Es- 

^V pence, which I am told will be lliortly publillicd. 

H Amono fo many Helps and Advantages lo- 

^^ Vi-ards the Underftanding of AjlTonomy^ ihere was ftill 

^H Wanting an univerfal and complete Theory oF the 

^f cclcilial Phavome?ia, eS:plained according to their 

true Motions and phyfical Caufes. But this Woilc 

has been lately performed, finillied, and publiftied by 

the late Dr. Gregory., the great Honour of our Pro- 

tfeffion, and my Preceptor, whom 1 ought always 
to remember with Gratitude; for it is owing to 
him, if I have made any Advances in this Study. 
I N the mean time it is to be acknowledged, 
that this Work does not fccm to be fuited to the 
Capacity of young Beginners; for it contains many 
Things which require an Infighr into deep Geo- 
metry, fo as to be clearly underftood ,■ which Skill 
is feldom to be met with in young Men, who are 
for ail that capable of learning the Elements of -^- 
fironomy. Befides, the celeflial Motions and their 

I phyfical Caufes are always jointly explained -, whicb 
two Things, when they are to be learned by Begin- 
hers, diftraifi them too much, and make the Do- 
ftrine difficult. Therefore I thought ic more ad- 
vantageous to the Learner, iirft to explain the Mo- 
tions, and give an Account of the Fhe'nomrna that 
arife froro thefe Motions ; which when once under- 
ftood, there will be an eafy Admilljon into the Know- 
ledge of phyfical Caufes. 

For which purpofej [ compofed the following 
LitSures, which I read in the j^firenomical School ac 
Oxford, as my Duty obliged me : In them 1 have 
taken fome Pains, that all the celeftial Motions 
may be clearly explained, and the Reafons of the 
TbiCHomena, which arife from thofe Motions, be 
given. But particularly of thofe which are to be 
underftood by the Help of a few Propofitinnsof the 
Elements of Geometry. And therefore I would ad- 
vjfc our young Beginners, who defire to learn A- 
prommy, that they would place Em/id's Elements 
before them, when ihcy read thefe Leifures, and 
coofuU them when they find any Propolitions quo- 
a 2 led 



xiv The "PREFACE. 

ted by us. Thofe we chiefly uTe^ are but bm ia 
Number ; fuch are the 4tlH ftb, 8tb, 13d), ifthy 
arch, 29th, )2d, and 47th of the fiirft £lemenc. 
The itfch, i8cb, 20th, 31ft, ^fth, 3dth, 37th of 
the jd Elemenc : AUb the 4th9 5th, and tftfa oi the 
tfch Element; befides the Dodnne of Proportiofl^ 
contained in the 5ch Book. It wece likewiie to be 
wifhed^ thac the youn^ Student of Aftt^momj weic 
ijkiU'd in plain and Ipherical Tngfrnofiutirj. Bu|: 
if there be any, as I believe there are (bme> who 
defire to learn Aftronomyy and yet aie ignorant 0^ 
Trigonometry ; I require of them, that they grant 
and allow us this Poftulate ; becaufe in every Tri^ 
^ngh-i either fpherical or plain, there are three Anr 
gies and three Sides ^ of thefe fix, having any threes 
one of which in a plane Triangle muft be a Side, 
all the reft may be found. It is Trigonometry tha( 
teaches us how to perform this, whoie Ufe is ap^r 
parent in all the Parts of Ajhronomy. 

There are alfo fome Things in our Afironomy^ 
which require a Knowledge of deep Geotnotry^ as 
when we fpeak of the EUiptick Theories of the 
Planets difcover'd by Kepler, But I would not have 
the B^inners or young Stqdents trouble them- 
felves with thefe Particulars, fo they may pa& 
them over. 

I defire alfo of them (bat are unacquainted 
with Afironomy^ that after they havelread the XL 
and XII. Le£iuresy concerning the seneral Cau(es 
o^ Eclipfes, they would leave the reft of that Do- 
(flrine, till they are inftruAed in the fpherical In- 
ftitutions, as they are explained by us in the XX. 
and XXI. LeButes'^ and- then they may return to 
the remaining Parts of the Dodrine of Eclipfe^ 
tontained.in the XIII. and XIV. heBures, 

They, who underftand what is here deliver'd, 
may with much Advantage undertake to read thac 
excellent Work of Dr. Gregor/sy and learn the 
phy fical Caufi^s of the celeftial Motions from thence. 
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LECTURE I. 

Of Vifible and Apparent Motion. 

jSTRONOMV being a Sci- Lefl. \. 
I etice in which are explained the^/'V^ 
I Motions or Bodies [hac are ar an 
\ immenfe Diftancc from us, and 
I the Appearances which arife frorn 
thefe Mocions ; They who would 
' ~ learn ihia Science, muft firft be 

informed of the Manner how the Motions of di- 
ftani Bodies become vifible, and the Objects of our 
Senfes. 

And firft it is plain, that fince the Eye looks B^«s«- 
upon fuch Bodies to be at Reft, which keep thefl" -^^ " 

» 

; 



fame vilible Diftance, the fatne Pofition and Si 
inly in rdpeifl of other Bodies which 
we conceive to be at Reft, but alfo in refpciit of 
the Eye that beholds them ; thofe Bodies can only 
be 
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Left. r. be perccivM to move, which chana their Diftances 
and Poiirions, in reTpeft to ocher Bodies, or to the 



in^'t M £ye of the Speftator. 
M'Mon. g^,^ ^j^j ^g jj^j^y eiplain this Matter by its 

proper Principles, and draw it from its Origin, 
that is from an Explanation of the Manner of Vi- 
fion : It muft be known, that the Writers of Of ticks 
demonftratc that every Body which is feen, has its 
Image painted in the Bottom of the Eye, upon that 
Coat which is called Reticular, or the Retina^ whofe 
Surface is Spherical concave. This Image is made 
by the Ra)'s of Light which flow from the Vifible 
Ohjcft to the Eye, and are therein received and 
Of the Sertfe rcfraftcd. The Image of each Point is in that Place, 
V Stttng, ^here the innumerable Rays which come from that 
Point, and paffing through the Humours of the Eye, 
do by Refraftion meet on the Uetiva. 
Plate I. Let a B, a Portion of the Periphery of a Cir- 

F'g* 1. cle, reprefent the outward Surface ot the Eye^ 
D G the Bottom or reticular Coat, which \s form- 
ed by the Extremities of the Opticlc Nerves, and 
let C be the Center of the Eye; the Image of the 
Point F will be in the Line F C H, and therefore 
at H : So alfo the Image of the Point E will be in 
the Line E C L, at the Point L ,• for the Rays of 
Light will, by the pellucid and clear Coats and 
Humours of the Eye, be fo refrafted, that all thofe 
Knys which come from F, and enter the Eye, will 
c'n iinge their Direftion, and turn towards H, where 
they will meet j and likewifc all thofe which come 
from E, being refrafted in the Eye, will converge 
and meet again at L, where they will form the 
Image of the Point E ,• for by ftriking on the ner- 
vous Fibres in thefe Points, they will excite the 
Senfe of Vifion. 

There is a fine Experiment which confirms 
and demonftrates this Doftrine. For if the Eye 
of an Ox, or any other Creature, juft after its 
Death, be taken out of its Head, and the opake 
and black Coat call'd the Choroides^ which covers 
the back Part of the Eye, be feparated, fo that the 
thin and pellucid reticular Coat may appear; if 

this 
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this Eye be turned towards a Window, or any Left. I. 
Objea thac is fiiongly illuminated, wc fhalf fee^'V'Si' 
with Plealiire ami Admiration, a fine Pidurc on 
the Reiina, exaftlv reprefenting the Objetil in its 
proper Colours. Wc (liall have the fame Appear- 
ance, if iiiftcad of tiie Eye we cake any Convex- 
gUfs of a Tclefcopc, and turn it towards the Ob- 
jcd, and place a white Paper at a due Dlftance 
behind the Glafs, we (hall obferve upon the Paper, 
an exadt Image ot the Objeil:, diftinftly reprefented 
with its lively Colours. 

If therefore the Image H of the Point F re-//™Mo(,« 
main unmoved on the fame Point of the Retina^" ^""^f 
the Eye being tikcwile unmoved, the Objeft F^ "" J"'* 
will he ac Reft : But if the Point F be carried to 
E, its Image will thereby fucceflively pafs through 
diiferent ^rts of the Retina, and defcribing the 
Space H L, will excite the Senfation of Motion. 
It the Point F be ac a great Diftance from us, 
and the Motion be made in a Plane, paCfing thro* + 
the Eye, theSpedlator will judge of the Magnitude 
of the apparetit Motion, by ±e Magnitude of the 
Angle FCE. 

If in the Line C F there be another Objed M> 
which is likewife at a great Diftance from us, antl 
this Objeit be carried from M to N, its Motion 
will appear co be the tame with thac of the Ob- 
ject F ; for the Way of both will appear the fame, 
the two Imi^es having the fame Path, and pafling 
through the iame Space in the Bottom of the Eye. 
If the vifibic Point M be carried in tiie Line C F 
from M to F, fuch a Motion cannot be perceiv'd 
by the Spcdtaior, the Image of M remaining un- 
moved all the while on the Retina : And whatever j. 
Bodies are moved in Lines that pals thro' the Cen- 
ter of the Eye, the Motions of lUch Bodies are not 
to be obferved by our Sight, nor can we any 
other Way difcem fuch Motions, but by the Increale 
or Diminution of the Splendor and vifible Magni- 
tude of the Objefts. I fpeak here of diftant Ob- 
jefts: For tbofe that are near us, tho' they move in 
Lines palling thro' the Eye, yet we may difcern 
B 2 their 
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Led. I. their Motions by the Change of Poficion and Si- 
v^'V"^^ tuition which they hold in refpcdl to other Bodies, 
whofe Pofitions and Diftances are known. Now 
whatever be the Path of the moveable Point F in 
the Plane F C E, whether it be in the right Line 
F E, or in the circular Arch F P E, or in any other 
curve Line F Q^E ; when it comes to the Line C E, 
^ its apparent Motion will always be feen to be the 
fame, while the Angle F C L remains the fame ^ 
but when the Angle F C E is increafed or diminilh- 
cd, the vifible Motion will be in like Manner in- 
creafed or diminiflicd, which therefore can be only 
meafurcd by that Angle. 

Thai* therefore the apparent Motions of Bo- 
dies may be determined, we muft here ihew the 
Method by which Geometers and Afironomers find 
The Mta- out the Mcafures of Angles i which though it is 
•^^J^'^^*" commonly known^ even to the meaneft Artifts, 
^"' yet that we may omit nothing which will make 

what is to follow eafily conceived by Beginners, 
we will here explain it in a few Words. 
, Euclid has demonftrated, that the Angles at 
"^ the Center of any Circle are proportional to the 
Arches on which they ftand, and therefore the 
Meafures of Angles will be bcft known from thofe 
Peripheries or Arches which fubtend them : On 
A Degret which Account the Afironomers divide the whole 
5^nJ&/« Periphery of a Circle into 360 Parts, which are 
#r Mittutts. called U^rees ; and they diyidc each Degree into 
60 other Parts, which are named Scruples, or Firft 
Minutes ; each of thofe Minutes are again divided 
into 60 fecond Scruples or Minutes ; and each Se- 
cond is alfo fuppofed to be divided into Thirds, 
each Third into Fourths ; and fo on. 

By this Means they reckon no more Degrees 
or Parts in the greateft Circle than in the leaft that 
is ; and therefore if the fame Angle at the Center 
be fubtended by two concentrical Arches, they 
count as many Degrees or Parts in the one as they 
do in the other ; for thefe two Arches have the 
Plate I. ^^^^ Proportion to their whole Peripheries. For 
Fig. 2/ ^Example: Let ACB be an Angle> and from the 
' Center 
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Center C let there be defcribed two Arches A B, Left- 1. 
D E, fubtendinK the Angle : There are as maoy w^^ 
Degrees and Minutes contam"d in the Arch A B, 
as Siere are in the Arch D E, altho' the Radius or 
Semidiamcter of the Arch A B were only a Fooi: 
long, and the Radius of tlie other reached the 
Fixed Stars. It is true indeed, that a Dt^rec in 
ihe Arch A B is fo much left than a Degree of the 
Arch D E, as its Radius C B is lefs than C E or 
C D ; The Angle C is faid to be of Co many De- 
grees or Minutes as the Arch which fub.ends it 
contains of fuch Parts. 

The Inftrument by which Angles are obferved,7-4,.i)f„4;^ ■ 
is a known Portion of the Permhery of a Circle,?'' ^'j/*- 
as a Quadrant, Sextant, or OiSant, that is, ihe''"'i ^"S^"' 
fourth Part, fixth Part, or eighth Part of the whole 
Periphery. If it be a Quadrant, the Inllruaient- 
Makers divide it inro 90 Degrees, 90 being the Jch 
of 560 : If a Sextant, it is divided into 60, which 
is the J of %6o : If an OiSant, ic contains 45 De- 
grees, or the Jth of %6o. They divide again 
each Degree into Minutes, and each Minute into 
Seconds, if the Inftrument be Urge enough to fliew 
fuch Parts. The Inftrument- Makers fix to the Side 
of the Inftrument Pins or Sights, by which they 
coUineate to the Objefl:, and they foften likewife 
a Rule moveable about the Center upon the Plain 
of the Inflrument) which Rule is likewife furnilh- 
ed with Sights, with which they oblervc Angles in 
this Manner. 

Let A and B be two Objeifls at a great Diftance P|aK L 
from us : And fuppofe the Obferver at C, who is to ^'^' ^^ 
meafure the Angle A C B : Let the Inftrument be 
lurn'd, 'till the Objcd A can be I'een thro' the Sights 
of the Side C D ; and ler the Plane of the Inftrument 
befo moved round the Side CD, and tbe Rule round 
the Center, that theOtyeitB may befeen thro' the 
Sights of the Rule : It is manifeft from what has been 
faid) that the Arch D E will give the Meafure of the 
Angle A C B, and that the Arch A B will contain 
as many D^rees and Parts, as the Arch D E, 
which the Rule cuts off from the Inftrument. 

B 5 MORIOVE? 
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\. Moreover A^ronomers have other Bounds of 

J Marks from which the/ reckon the Arcual Diitances 

of Stars, and tncafure them with a like Inftrutncnt. 

- Theft are chiefiy the Horitoti, which is formed 
by a Plane touching (he Surface of ihe Earth 
where the Speftator ftands, and is infinitely ex- 
tended towards the He-avcns; which it divides in- 
to two Hemifpherc') or Parts fenfibly equal, and 
fcparatcs the Vifible Heavens from the Invifible. 
And if we fuppore a Circle perpcndicuiar to this 
Hori7,on pafling throi^h any Star, the Arch of it 
comprehended between the Star and the Horizon 

- is called the Altitude or Height of that Star. There 
' is another Mark which is called the Pole of the 
^t Horizon, and is that Point which is direftly over- 
. head, through which a Line perpendicular to the 

Horizon will pafs: And it is in this Line all heavy 
Bodies endeavour to defcend, and according to 
which we ftand upright. By this Method the 
Sailors at Sea find out the Height of the Sun by 
the Angle which is formed in the Eye, by Lines 
coming from the SuH) and from the Horizon. So 
likewife the Afirimamers by Rules and Quadrants 
made on Purpofe for that Ufe, obfcrve the Angle 
which the Rays or Lines that come from the Sun 
or Stars, make with the Line chit is perpendicular 
to the Horizon, 

Tmstead of plain Sights we now commonly 
make Ufe of Tehfufei ^ for by their Means diftanc 
Objefts are more certainly and exaiflly oWcrvcd, 
than they can be by our fimple View. The Man- 
ner of fitting Tetefioaes to Inftrumeiics, the Me- 
thod of dividing the Arch, and the Contrivances 
iffat managing and moving ihe Inftrumcnt for Prac- 
riccj we leave to die Mathematical InftrumenC- 
Mafcers to defcribe- 

' Bt the Mealiire of Angles we likervife find the 
apparent Diameters of diftant Bodies : Let A B 
..-. !,..«<. he a Line which is ieen by the Eye at C di- 
|.»Z ^"si-'reiflly oppofite to ir, and fuppofe drawn from its 
Estrcmities A, B, right Lines A C, B C to the Eye ; 
iJjac Line A B is faid to appear under the Angle 
ACS, 
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ACB, which is call'd its Apparent Magnitude, Loft. f. 
and is faid to be fo many Drgrees snd Minutes asL/^'V^ 
that Angle obfervcd by an Inftrument contains. Af- f i^ i- 
ter the lame Way the Objea D E, feen by tbe Eye F, 
is (kid to appear under the .Angle D F E, and the Ap- 
parent Magnitudes of the Lines A B, DE, are to one 
another, as the refpcftive Angles ACB, D F E. 

But if the Eye come nearer to the Objed A B, Jl" "»»■ 
fo as to view it but from half the Diftance, that ^i'"^„„ '4, 
from G i the Objeft will be from thence feen uo- nmrr'toi 
der twice the Angle it appeared under before : li*Pt'^Mi> 
^ the Eye come three times nearer, its apparent Mig-'^'^"^"" 
nitude will be near three limes greater, provided pij, ^ 
tbe Angles be but fmall, and exceed not a Disree 
or two: And the apparent Diameters of fuch Ob- 
jetSs do nearly incceafe, as the Dillances from which 
they are viewed are diniinilhed. 

Bv this Method, if we know the apparent Dij- 
- meters of two Bodies, and the Proportion of their 
Diftances from us, we can know from thence the 
Proportion their true Diameters bear to one another 1 
For if their Difimces be ecjual, their true Dumetcrs 
will be as their apparent '. And if their apparent Dia- 
meters are cqualj their true Diameters will be pro- 
portional to theit Dillances. For Example : If the pi*" *■ 
Angle ACB be equal to the Angle DEF, but '^' *' '' 
the Diftance C 8 triple of the Diftancc E F, the 
Line A B will be triple of the Line D E : Hue 
if the Diftancc C B be nor only triple of the 
Diftance ff, but alfo the Argie ACB be double 
of the Angle dfe^ the Objeift A B will be /ex'tuple 
of the ObjeiS de: For if we fuppofe CM equal 
to df, and an Objeft M N to appear under the 
Angle M C N or A C B ; becaufe the Angle M C N" 
is double of the Angle dfe, M N willbe double 
of J e i but becaufe C B is triple of C M or df, A B 
will be triple of MN, and confec^ucntty it wUl be 
lixtiines biggerthan*/*. Hence,it the apparent Di- 
ameters of the Sun and Moon be equal, let the Sun 
^H be lOQ times further from us than tbe Moon, the 
^H Sun mud needs be 100 times in Diameter bi^er 
^^K than the Moon '. We iKall afterwards demonJlrare, 
^B B 4 [hat 
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Led. I. that the Sun's Diftancc from us is above loo times 
fL/V^ greater than that of the Moon. 

If wc know the apparent Diameter of any Bo- 
dy, we can from thence exadlly know, by the 
Help of Trigonometrical Tables, what Proportion 
the Diftancc of that Body bears to its true Dia- 
meter. For fuppofe the Objed: D E to be feen by 
the Eye at F under the Angle D F E. For Ex- 
ample of one Degree; then the Diftance F E will 
be to D E the Diameter of the Objedt, as the Ra- 
dius of a Circle is to the Tangent of the Angle 
DFE ; that \Sy fuppofing DFE one D^ree, as 
loooo is to i74>5. The Sun appearing under an 
Angle of about half a Degree, or 30 Minutes, its 
Diftance will be 10 its own Diameter as 10000 to 
87 : Hence, we are certain that the Sun's Diftance 
from us, is nearly equal to 115 of its own Diameters. 
And if an Eye were placed in the Sun, to obferve 
the Angle under which the Diameter of the Earth 
appeared from thence, we then fliould be able to 
tell exadly the Diftance of the Sun from us, in 
Diameters of the Earth, or in Miles. 

Since, as we have faid, the apparent Diame- 
ters of Bodies grow bigger, the nearer we come to 
them, and that they are increafed almoft in the 
famfe Proportion that the Eye approaches them; 
(for Example : If any Man were ten times nearer 
to the" Moon than we are, and did there obferve 
it, he would fee the Moon ten times bigger . in its 
9l&# Ad' Diameter and clearer than we do ; in Diameter I 
nmntmgcioj ^^ ^^ ^^ Surfacc wouW appear 100 times larger 
^eejcepeu ^j^^^ -^ ^^^ ^^ ^^ .^ ^f here on Earth we fhould 

take a Telefcope which only increafes the Diame- 
ter ten times, ^^arid look to the Moon with it, the 
Moon will Iwyje the fame Appearance feen with 
fuch a Telefcope, as would appear to a Speda- 
tor ten times nearer it than we are. But if we 
fliould ufe Telefcopes (and (bch there are) which 
magnify the Diameters of Objefts 100 or 200 
times, they will fliew the Moon in the fame Man- 
ner, Figure and Bignefe, as it would appear in, 
f|t a Oiftarige 100 or 200 times lefs than ours, 

KieqcQ 
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H Hence we can perceive wirh our Eyes with whit Lefi. J. 
H Face, md how large the Moon would (hew iti'elf, «,^vs^ 
B at the Diftance oF three Diimeters of the Earth ; 
As likewife we can difcem how ir would appear, 
if we approached it much nearer, and view it only 
at the Diftance of looo Miles; for fro tn thence 
wc (hould be able to difcdver in it vaft Ridges of 
Moutttains, deep Caverns, many Vales, and large 
open Fields. By the Means of Tclcfcopes we dill 
afcend highev in the Heavens, and we can ap- 
proach the Planersj Comets and fixt Stars fo near, 
.v'that of luch immenfe Diftances there remains only 
the huhdiedth, or two hundredth P^rt to have 
the whole Journey finifKed ; and from thence we 
can behold the Converfions of the Planets about 
their proper y^rpt \ the Moons of Jupiter and 
Saturn^ their Ecljpies ; the Belts of Jupiter, the 
wonderful Ring of Saturn, and all the various 
Appearances and Shapes it takes. We couid not 
pafs over, without taking Notice in this Place, 
thefe Advantages of the Telefcopc, lince it is the 

» chief Inllrument by which we obfervc the Mag- 
nitudes of the Heavenly Bodies, and their apparent 
Motions. 
Since the Motions of diftant Bodies are no^,'** 
other ways to be known, but by the Change oip"'^^ 
the Angle which is at the Eye that obferves them ; Bodin, 
it will ealily appear from thence, that tho' Bodies™*"^^ j« 
■ move etjually and r^ularly, defcribing equal ^^^"-''''^ 
Spaces in equal Times, their Motions notwiih-^^faV "n- 
ftanding may fcem to be very unequal and irregular. '¥""/. 
This will be beft underftood by an Example. 

SiTpposE a Body to be revolv'd in the Peri- Plate i. 
phery of a Circle A B D E F G Q, and to move ^'s- 1. 
thro' equal Arches AB, BD, DE, E F, in equal 
Times ; and let the Eye be in the Plane of the fame 
Circle, but at a Diftance from it, viewing the 
Motion of the Body from O : When the Body 
goes from AtoB, its apparent Motion is meafur'd 
by the Angle A O B, or the Arch H L, which it 
I will feemtodefcrihe; but in an equa! Time, while ir 
, -jooves thro' the Arch B D, its apparent Motion i.s 
deter- 
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Left. I. determined by the Angle BOD, or the Arch L M, 
^■^^^ which is much lefe than the former Arch HL; 
and the Body, when it arrives at D, will be feen at 
the Point M of the Periphery N L M : But it 
takes the fame Time to defcribe DE which is 
equal to A B, or B D i and when it aprives at E, it 
is ftill feen at the Point M ; fo that all the Time it 
is moving thro* the Arch D E, it appears almoft 
immoveable, and, as it were, to ftancl ftill. While 
the Body is continually going forward in its proper 
Orbit, and defcribing the Arch E F, when it comes 
to F, the Eye in O will fee it in L, and it will ap- 
pear to have gone backwards in the Arch M L. 
So alfo, while it moves from F to G, at its Arrival 
at G, it will be feen at H in the very fame Place 
it appeared in when it was in A. So likewife, 
while it paffes from G thro' I to Q^ the Speda- 
tor's Eye at O will obferve it, as it it had de- 
fcrib'd the Arch H K N. And tho' it is ftill going 
on in its Orbit, while it runs thro' the Arch Q^P, 
the Speftator will obferve it all that Time near the 
Point N, in a Stationary State. After its paffing 
by P, and going to A, it will appear to change 
again its Courfe, and defcribe the Arch NKrJ 
with very unequal Motions. 

^^!!" '^^^^ Inequality of Motion is call'd by Aftro^ 

^* •^' nomers the Optical Inequality : Becaufe it is not 
really in the Bodies moved, but only apparent to 
the Eye which perceives it, aridng trom the Po- 
fition of the Spectator : For the Body all the Time 
moves uniformly forward, and if the Eye were in 

Plate I. ji^g Center, it would fee the Motion always per- 

j/tb^Eye fedly regularly performed. 

be piattd If the Eye were placed in any Point, as O, 

M^ion that ter, and there the Spedator remained immoveable, 
is equal, may he wouid ftill obfefve the Motions to be unequal, 
appear un- ^\^hQ> ^^ gody movcd never fo regularly ^ and 

X^o^TtfnWhen at the greateft Diftance from him, as at 
never be feen A, it would appear to bc floweft ; when it comes 
to go back- neareft, it would feem to move quickeft. This i^ 
Zieit/'p^^y for the Arches A B and CD being equal, 
Ccur/e. they 
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they win be defcribed in equal Times. But thcLeft- I. 

Angle DOC being greater thin AOB, the Mo- ^ ' 

tion in D will appear fwifter than that at A- But 
in this Cafe the Body will never appear to ftand, 
or to go backwards, but always forward : And 
therefore, when aSpedator placed wichin the Orbit 
of another Body, and viewing ia Motion, per- 
ceives it fometimcs to go forward, then to ftand 
ftill, and afterwards go backwwd, we may from 
thence conclude, that the Place of the Spediacor is 
likewlle moved. 

LECTURE ir. 

Of the apparent Motion which arifes 
from the Motion of the SpeSiator or 
Ohferver. 

ITHERTO we htve fuppofed the 
Spedator to h»ve remained immove- 
able allthe Time of the Obfervation : 
But if the Place of the Obferver be 
likewifc moveable, then there will be 
very different Appearances, and the 
Eye will perceive tho/e Bodies to be at Reft which 
may have really a very quick Motion, and other 
Bodies may feem to be in Motion ; which remain 
really at Rell ; And not only ihefe Appearances may 
be feen, but the Motion of Bodies may appear to be 
diredtly contrary ro what they truly are ■■, and Bodies 
which are really epingEafiviard, may appear to move 
towards the IVefi. AH which will be raoft eafily de- 
clared and made plain from the Appearances obfer- 
ved by them who fail in a Ship : 

SypTOsE a Ship carried by the Winds withyi,//,' „ 
A fwift, but uniform Motion; the PafTcngers cmsap, pr,-. 
neither perceive the Motion Jn the Ship, nor of^™'""'*' 
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Led. II. any thing in it that keeps the fame relative Place 

^^»^sa in the Ship : For fincc the Veflel and all its Parts 

retain the fame Situation and Pofiiion in refpeft 

of the Eye> their Images painted on the Retivm 

will always abide in the fame Place, and therefore 

they muit appear unmoved. Hence it is, that 

tho' every Thing in the Ship goes as fail forward 

as the Ship itfeif does; yet fuch Motions cannot 

i be perceived by a SpeSator thit fits in the fame 

relative i*Iace, and who has the fame common 

Motion M(h the Ship, But when the Speiftamr 

turns his E^ towards the Shore, or upon Objcds 

which are without the Ship, they will feem to be 

moved ; for while the Ship goes forward, it carries 

along with ii the Eye of the Speftator, by which 

But wfir. Motion of the Eye the Pofrion of external Ob- 

"'l P^^'^j' jefts in refpedt of icfelf will be changed, and 

si'p ™;i' f^"'' I™2"es will fucceffively occupy different 

fair, la Places on the Retina ; and therefore Objefts with- 

■"*■«- out the Ship, which are really at Reft, will Ibem 

to be moved, whereas ihofe that aie within the 

Ship, and really iti Motion, will appear to be at 

Reft. 

If, while the Ship is moving very faft forward, 
ft BaU of Lead, or any other heavy Metal, were lec 
ftll from the Top-maft, ibe Paflengers in the Ship 
will obferve the Ball' to fall perpendicularly down- 
wards, and it will fall upon the Deck juft by the 
Foot of the Maft, after the fame manner as it would 
fall were the Ship at Reft. But notwithftanding 
this, the true Motion of the Ball is not in the 
ihi Mii™ fcrpcndicular, but in an Oblique Line, in which 
nf a Bat/ it defccnds i and a Spectator in another Ship 
fi'^'l^""' which is at Anchor, wilt eafily obferve this Oblt- 
"" quity and Curvity of its Way, while it falls thro' the 

Air. The Reafon of this Appearance is eafily ftiew'd : 
For according to the firft and principal Law of 
Katural Fhilajophy, a Body once put into Motion, 
endeavours to retain that Motion, and to continue 
moving in the fame Diredlion. Now the Ball, 
while it was held at the Top-maft, went forward 
with the Ship, and had iCi Motion communicated 
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to it ; and therefore, after it is left to (all, it wiULed. II. 
retain the fame Force to go forward as it did be- ^.^y^ 
forei and at the fame Time, its Weight carrying 
it downwards, it will both go forward and defcend ; 
For the two Forces, one communicated by the 
Ship, and the ocher from Gravity, will not hinder 
or diminiih one another, they not being contrary. 
It will therefore be moved as faft forward, and as 
much downward, as it would be, did the two 
Forces aft upon it feparacely at diferent Times. 
By ihefc two Forces afting together, the ReiSi- 
tude of its Way is only hindered, which it would 
have, did the Perpendicular and the Morizaittai 
Forces aft ieparately j and the real Way of the 
Ball thro' the Air is a curve Line, exaftiy like 
that which a Body takes when it is thrown accord- 
ing to an Hari^ontal Direftion : And in fuch a Line 
it will be obferved to move, by a Speftacor phccd 
near it in another Ship which is at Reft. Beiidcs, 
fince the Ball and Maft are both moved forward with 
the fame Velocity, they will always remain at the 
fame Diftance from each other, and therefore the 
Ball will touch the Deck juft by the Foot of the 
Maft. Moreover the Motion of the Ball forward 
is coffimon to ihe Ship, and all its Parts, as like- 
wife to the PafTengers that are relatively at Reii 
in the Ship, But we have before ihcwed, that the 
common Motion could not be oblerved fay the 
Paflengers in the Ship, and therefore it cannot be 
perceived neither while the Bali is falling. Where- 
fore the only Motion that can be feen, will be 
that which is impreft upon it by its Gravity, 
which is peculiar to the B.ill, and by which it 
dcfcends. And therefore the Paflengers will fee 
the Ball delcending only in a perpendicular Line. 
Experiments have been often made, which demon- 
ftrate that all we have faid is exaftly true. 

If any Perfon fitting at the Ship's Head, Hiould TSr m<- 
throw a Ball towards the Stern with the fame Ve-''".°/ ' 
locity that the Ship goes forward, that Ball would ,„/,t,^ J^ 
neither go forward nor backward ; and if there Shif. 
were no Gravity, it would remain immoveable: 
But 
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l.t&- n.But becaufe Gravity aifts upon it, ir will really 
y^^^^ defcend in a I'crpendicular Line, and a Speftator 
in a Ship at Anchor would oblerve it delctnding 
in 1 Righc Line. For the Force itnprcft upon ic 
when it is thrown, wilt only deftroy tlie firft Force 
conmuflicaied to it from the Ship, to which the 
Projedile Force is contrary and equal. But for 
all this, the Paircn^ers will not perceive this per- 
pendicular and dircift Motion ; but they will fee ' 
the Ball go towards the Stern with the Tame Force, 
M it really would have done, had the Ship been at 
Reft, ana the Ball been thrown with the fame Force 
to the Stern. 

But if the Velocity with which the Ball is 
thrown toward the Scrm ihould he lefs ihan that 
of the Ship, the real Motion of the Globe will 
be forward, in the fame Dlreiftion in which the 
Ship 'goes, but (lower than it ; for the whole Motion 
communicated by ihe Ship will not be dcftroy'd, 
and there will ftill remain i Part of its former Mo- 
tion, by which it will be carried forward, tho' not 
fc) faft as before. But the Palfengcrs will perceive 
no tach Motion, but they will obferve the Ball to 
be moved in a Line direfily contrary to its real 
Motion, with that very Velocity that it would 
have, Were ir thrown when the Ship is at Rel^ ; 
Hence it is plain, that Bodies may appear to have 
a Motion dirciitly contraiy to iheir real and abfo- 
luce 'Motion. 
- ohjiiii. But fume may objeit, that the Ball thus 
thrown, will really hit the Stetn of the Ship, and 
itnprcia on it a confidcrable Blow, which it could 
not do, had ir not -i Motion towards the Stern, 
But thl» Difficulty is eaiily removed ; for tho' they 
th« »rtf within the Ship fee the Ball go and hit 
the Stern, a Spoftator without, who is not in 
Motion, will obferve that the Ball does not come 
upon the Stern, and give it a Stroke, but that the 
Stcfn rufhes upon the Ball, and afta upon it with 
■ all iw Force : And the Force of the Stroke which 
each Body receives, is the fame as if the Ship had 
been at Reft, and the Ball had fallen upon it with 
the 
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Leit. rr. Bv this it is evident, that if a Speflator were 
S^V^^ placed in Jupiter^ or Saturn, or any other of 
the Flantts, he can never be made fcnlible of the 
Motion of his own tJabiiaiioti> no rnore than ihej* 
who fail in a Ship can perceive the uniform Mo- 
tion of the Ship. Paflcngcrs who fail in Ships 
may indeed be very fenfime of the frequent Tof- 
fings and fuddcn Shocks the Ship receives from 
the Waves and Wind, which they find esccedmg- 
ly troublefome to them. But the P/anett, which 
compofe a Ccleftial Fleet, are not liable to any 
Storm; they without any Difturbance or Commo- 
tioti circulate in their Orbits, and lail, as it were, 
in a tnoit PaciGclt Ocean, which is continually 
calm and ferene. 



LECTURE III. 
Of the' Syftem of the IVorld, 




\ E have (hewed, that according to the 
I different Situation and Motionsof the 
[ Sfie£tator,the Appearances of Things 
t will be very various and different. 
[ That we may have a more di(lin<ft 
' Knowledge of the Fabrick of the 
IVerld, and that the admirable Beauty of the Uni- 
verfe, and the harmonious Morions of the Bodies 
therein contained, may be more eafily underftood, it 
will be rcquiliie, that that Divine and Immenfe Fa- 
brick flioiild not be obferved from one Point or Cor- 
ner only : But as in viewing of large Palaces, we take 
the different Profpeits they afford from feveral Pla- 
ce? i fo here, to have a true and jult Notion of the 
World, we mull fuppoie it to be obferved in 
different 
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different Situations and Diftances, that hy con- Led. IH. 
templating ihe various Prolpefts it gives us, and ,y>^'^ 
comparing them togetherj we may obtain at laft a 
dirtind Knowledge of this immcnfe Paiace of God 
Almighty-, and have an Id«a or Itriagc of it im- 
preffed on our Minds, which is worthy of its In- 
finitely wife Architeii. 

In order to underftand therefore the Heavenly 
Bodies, their Motions, and Appearances, which arc 
called Phenomena, we muft feign ourfelvcs not 
to be Inhabitants of this Earth) and fixed to one 
Habitation, but fuppofc we have the Power of 
Travelling every-where, thro' the immenfe Re- 
gions of indefinite Space : And therefore we will"''"'/ 
fometicies lake PofTelTion of fome immoveables^™"" 
Place; frbtn thence we will transfer ourfclves iotevta'jhi 
the Sim, to obferve the Regulariry and Harmony Cbh^^, v 
of the Motions which are to be Teen from thence ; ^^^'',^ 
afterwards we will take a Journey to Ibtne other r*?5^m^ 
of the TUnetf, that we may from them obferve '*< Vm- 
the apparent Motions of the Heavens ■■, nor will*r{''»f^ 
we confine ourfelves within this flanttarjf„„^^ 
Syftem, but we wilt afcend much higher in thesiun. j«. 
Heavens, and view the World from a Cowet or '^^'- 
fix'd Star. 



Wty tM fromHeat^nrtmaUi teHeavn viiUmovt 
Wth Strength fff JUinJy and tread t^ Abyfs above : 
And penetrate, with an interior Lights 
Thofi upper Depths, -j^hieh Nature hid from S 
Fleas'dive will be to tvalk along the Sphere 
Of Jhining Stars, and travel taith the Tear. 
To leave this heavy Earth, andfcale the Height 
Of Atlas, who fupports the Heav'nly Ifeight : 
To loot from upper Light, and thenee furvey 
Mijlaken Mortals wan^ring froin the Way. 
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Left. nr. Now, tho' our Bodies, by reafon of their 
Gravity towards the Earth, are detained, as it 
were, Prifoners in this earthly Manfion ; yet no- 
thing hinders, but that, with our Mind and Ima- 
gination, we may wander thro' all the Heavenly 
Regions, and from them contemplate, with the 
Eyes of our Reafon, the whole Syftem of Nature. 
Nor do I fee how this Liberty ot Imagination can 
be denied us, which was always allowed to the 
^ftronomers of all Ages ; for they, to obferve the 
equal Motions of the Heavens, thruft the Speda- 
tor down to the Center of the Earth, and fup- 
pofed that the Heavens were viewed from thence, 
as from the Center of a cryftal Globe, An Afiro^ 
nomer thinks it no great Conceffion or FofiulatuWy 
that he can draw a Line from the Sun to the Cen- 
ter of the Earth ,* and from thence again to any 
Tlanet or Star. He divides the Heavens witn 
his Circles, and marks out the Ways of the 
Planets; and indeed without fuch a Licence he 
could never hare brought jijlronomy to any Degree 
ofPerfedion. 

As therefore it was a Cuftom among the 
^Aflronomersy to place the Eye in the Center of the 
Earth, to view from thence the apparent diurnal 
Revolution of the Heavens ; which would from 
thence be feen an equable Motion : We will on 
the contrary, carry the Spedator to fome im- 
moveable Place in the Heavens ; that the real 
and abfolute Motions may be obferved from 
thence, as much as they can be, equable and uni- 
form. For the Aftronomers of all Seds do agree, 
that the Motions of the Planets are in thcmfelves 
fimple, regular, and uniform : But when the Hea- 
vens are viewed from the Surface of the Earth, 
or even from its Center, the Planets feem to be 
carried by very unequal Motions, and not to 
obferve any regular Courfe ; and therefore we 
Ven^lmtbe^^^ Certainly conclude, that our Earth is not 
£artb,l>aveP^^^^ ^^ ^^^ Center of their Motions. He there- 
unefuai, and for G that would obferve the real and proper Mo- 
irrqruiar ^^^ ^f jhefe Cckftial Globes, muft firft place 
'^'''''" hiinfelf 
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himfdf in the Cencer of the Sun, or in romeLcfi.IU. 
Point or Space not far diftanc from it ; and tlien "-^v**^ 
let him cooiider what will fae the Appearances or 
Thienomena he will behold from thence. 

And, firll, it is to be noted, that wherc-evcr vJe Sfrtit- 
the Spedator refides, he will iliU be in the Cen-'" " "/• 
ter or his own View; for in an indefiniic Spacci^^y 
where there is nothing to bound our. Profpcdtji., nun 
all Objefls that ate at a great Dirtance ftom usj^'™- 
tho* they be at immenfe Diftances from one an- 
other, yer, if they appear in the fame right Line 
which pafles through the Eye, will be Teen at 
the fame Point of Space ; and all Bodies will 
appear equally remote, when their Diliances from 
us become fo great, that the Eye cannot eftimate 
or judge of them : And confequently the Spefla- 
lor will look upon them all as placed in the Sur- 
face of a Sphere, which has the Eye for its Cen- 
ter, and whofc Surface is at an immenfe Di- 
ftance, in which Surface all the heavenly Bodies 
will feem to perform their Motions, Thus, the' 
the Moon be many Millions of Miles nearer to 
us than the Sun, and he again much nearer than 
the fixed Siarf, yet all appear as placed in the 
fame concave Surface of the Heavens ; And 
even the Clouds, which are but a few Miles 
above us, would be judged to be as far diftant as 
the itfoow and Sun, if ihey did not fomeiimes 
cover them, and obfcure their Light. In what- 
ever Place therefore the Spedtator relidcs, whether 
it be in the Earth, or the Sun, or in Sdtwn, the 
furtbermoft of the Planets, or even in a fixed Star, 
that Place will be looked upon by its Inhabitants as 
the middle Point of theUniverfe, and the Center of 
the World; fince it is the Center of that Spherical 
Surface in which all diflant Bodies feem to be 
placed. 

A Spefiator therefore living in the 5«b, when Tfe P'o- 
he looks towards the Heavens, will obferve ^"^S^^,fJtL 
Surface to be fpherical- concave, and concen- ti^cJt^if 
trical to hii Eye ,■ in which Surface he will ob- ibt s»b. 
fctve an innumerable Multitude of Stars, which 
C 2 we 
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Lefl:. Ill.we call Fixeii, evcry-wherc difperfed throughout 
\^V^^ the whole Heavens, which, like fo many gilded 
Studs, with a bright Luftre adorn the Firtnamcm. 
Thefc Stars we call Fixed, becaure, as k^n from 
the Earth, they preferve che fame immutable Po- 
fitions and Diftances from each other ; and fo 
from the Sun iikewile, they will appear always to 
retain ihc fatne Situations in refpeft of one aii- 
Othcrj nearly as they are obfcrved to have when 
feen fiom the Earth. For their Diflance either 
Tbi ii-mafi^'"^^'^ '^"^ Eanh or Sun is fo great, chat the little 
D:jia<iit pf Change of Place, (however great it be, when com- 
ibt fixed pared to our common Meafures) which is made by 
fi^'s£7* '"''ngifig 3 Speftatot from che Earth to she Sun, 
will fcarcely make any Change in the vifible Si- 
tuation of the Stars. Now, tho' the fixed Stars 
feen from the Earth do always preferve the fame 
DiltanccS) Pofitions and Situations in refpedt of 
one another, yet in refpeft of the Eye we obfervc 
Tht s,at them to change their Pofitions, and fomeiimes 
cifln^t [&(i> they feem to mount higher in the Heavens, and 
Ftfiitnin [Q come more perpendicularly over us; then they 
"btSfSa- (Icfccnd again, and appear to turn round in Circles, 
icr. fome in greater, fome in lefs, about an Axis which 

is the Axis of the Earth : And this Circumvolu- 
tion of theirs is every Night to be obferved from 
the Earth ; but whoever would view them from 
the Center of the Sun, would perceive them abfo- 
lutely immoveable, and always abiding in the fame 
Place of the Firmament. And this .Appearance 
will be the fame, whether the Stars d.i really reft 
in the fame Place; or Ahether the Heavens, in 
which the Stars are placed together with the Sun, 
revolved round the Axis of the Earth ; For ii 
there were really any fui- h Revolution of the Hea- 
vens, a Spcflator in the Sun would have chat Mo- 
tion in common with the Stars; and therefore he 
could be no more made fenfible of it, than t 
Paffenger in a Ship can obrerve by his Senfes the 
Courfe and Motion of the Ship. 

Besides the innumerable Stars at Reft, there 

are Six other Ihining Globes to be obferved, 

which 
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which perform their Circularions round the SanjLefl. 111, 
in very difiirent Periods of Time : And therefore, \^'</>^ 
they muft have conftandy variable Poficiotis, and 
be always changing their Difiances from ooe ano- 
ther, as well as from the qaicfcent Stars. Thefc 
Globes or Stars are called PU«eis, which fignifies 
Wajidtren, and one of them is ihz Earth, the Place 
oF our Abode. And even tho* we fliould Tuppofe 
the Eanh to be at Reft, and that the Sun did real- 
ly move round it in the Space of a Year, yet 3 
Spectator in the Sun would obferve, that the Earth 
turned round about him j and *ould fee it dercribe 
the fame Circle in the Heavens, that wc in the 
Earth obfrrve the Sun to perfotin his Courfe in ; 
as we ffiall afterwards dcmonftrate. 

The Names and Charafters, or Marks for the Tht jit 
Planers are Salum ^, Jupiter Vi Mars g, the ([J'""'' ' 
Earth ®, Venus 5, Mercury J. Theie Cha- *" 

rafters were invented by the j^fironomers, as Ab- 
breviations in Writing. The Planers do all turn the 
fame Way as the Sun from the IVeJl to the Euj?, iu Piatm 
in Orbits which lie in Planes, which are not much"™ ">"«> 
inclined to one anorher, but nearly coinciding : \y^f^^J^ 
So that the Planes of chefe Orbits in the Hea-Eift. 
yens, being lirtle inclined to one another, make 
Angles with that Circle m which the Earth is 
fcen to turn round the Sun, but of a very few 
Degrees. As all Planes that are not parallel, 
cut one another in right Lines ; (b the Planes of 
the Orbits in which tnc Planets move, cut one 
another in Lines that pafs through the Sun's 
Center ; and therefore a Spectator there placed 
will be in the Plane of each Orbit, and will ob- 
serve that the Planets moving in the concave Sur- 
face of the Heavens, perform their Motions in 
great Circles, which divide the Heavens into 
equal Portions. Now the Eye being, in ihis Si- 
tuatiop, in the Planes of all the I%ners Orbits, 
can never by that Means juc^e of their different 
Diftanccs from the Sun ^ ibr from thence they 
will all Teem to be at the lame Diftance from him ; 
Anj [herefoffi to obferve iheir diSirert Diftances, 
C 3 aa 
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Led. III. as well as Periods, it will be ncceflary that our 
K^'Y^^ Spe^flaror fhould remove from the Sun, and rife 
above the Planes of all the Orbits, in a Line 
perpendicular to the Plane of the Earth's Orbit j 
ancT, for Example's fake, let us fuppofe him to rife 
fo high, as that his Diftance from the Sun may 
equal the Earth's Diftance from it, and let him 
there make his Afironomical Obfervatory : From 
ihence he will not only obferve the lame fixed 
Stars in the fame Pofition as before, but he will 
fee both Sun and Planets in the Heavens : The 
Sun indeed will appear hke the fixed Stars, immove- 
able; but the Planets will be fecn to turn round 
In lefler Circles about him, at very different Di- 
ftances, and in different Periods : They who 
finifh their Circuits fooneft, are feen neareft to 
the Sun, and the Circles they move in are the 
leaft ; they who take a longer Time in revolving^ 
defcribe larger Circles, and are further removed 
'^P^pT frotn the Sun ; and the Order of the Planets will 
^'^^ ' be fuch as is reprefented in Figure i, Tlate IL 
Where the Sun remains unmoved in the Center 
of all the Orbits ; round about him fix Planets 
make their Revolutions, viz. Mercury^ Venus^ the 
Earthy Mars^ Juf'tter^ and Saturn'^ all from the 
Wefi to the Eafty according to the Order of the 
Plate IL Letters A BCD. Mercury \s next the Sun^ and 
fi^' '• finiflies his Courfe in three Months : Venusy in an 
Orbit fomewhat larger, performs her Period in 
eight Months : Beyond the Orb of Venus^ is that 
of the Earthy which revolves round the Sun in the 
Space of a Year : Mars takes two Years to com- 
plete his Circulation : And Jupiter y at a much greater 
biftance, does not finifli his Revolution till after 
twelve Years : The furthermoft and floweft of all 
is Saturny whofe Orbit includes all the others, 
and requires not much lels than 30 Years to com- 
plete his Courfe. 
Tieaniient This was the antient Syftem of the World, 
l^^Y' w^'*^*^ ^^ ^^ fi^* introduced into Greece by die 
/S?/ ^ Rreat Pythagoras^ and his Difcipljcs, who had 
karoed it from the wife Men of the Eafty to 

whom 
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whom, as to an Univcrriiy, they fhcn al! refortcdLel- III- 
for Inftrui5tion. Tis true, the other apparent Sy-V>'V^ 
ftcnij which fuppofes the Earth immoveable, and 
±e Heavens to revolve about it, was received 
. among the vulgar and illiterate Part of Mankind i 
yei the Philofophers retained the true Syftem, 'till 
Arifittle^t and the Philofophers that came after 
him, degenerating from their Predeceflors, and 
not being acquiinted with true Philofophy, em- 
braced the common Syftem of the Vulgar : So 
that the antient Syftem was forgot, and not mind- 
ed, 'cjl! the Time of Nkelaus Copernicus, who again 
brought it to Life, and retrieved it from Obli- 
vion, and cftabliriied it by folid Arguments and 
Regions : Whence this Syftem is now called the 
Copernican Syftem. After the Invention of Telc- 
fcopes, the Secundary Planets, with many new 
and unthought of Appearances, were obferved in 
the Heavens -by the j^ftronomen, which did won- 
derfully inlarge the antient Syftem, and confirm'd 
ir with invincible Demonftraiions. 

If a Speiftacor fliould with a Telefcopc more '^^ '''■'■ 
nearly view the Planets, he will foon find, that ^^7. Jf^i- 
they are fpherical Bodies, and opake, like ouiw/zisjm. 
Earth; having no proper Light of their own, but 
that they ftiine with the borrowed Light of the 
Sun i for that Side of them which is turned to- 
ward^ the Sun, is always illuminated; and it is by 
the reileifted Light of the Sun, that they become 
vifible : But the Side oppoiite to the Sun, which the 
borrowed Rays cannot reach, remains dark and ob- 
fcure. And befidcs this, as all opake Bodies do, 
the Planets caft a Shadow behind ihem, which 
is always oppoiite to the Sun. The Line in the 
Planet's Body, which diftinguiflies the lucid Part 
from the obfcure, appears fometimes right, fometimes 
crooked ; And it is fometimes convex towards 
the fplendid Part, and concave on the obfcure ; 
ibmetimes, on the contrary, it appears con- 
vex towards the obfcure Side and concave to- 
wards the ihiiiing Face of the Planet, according 
to the different htuation of the Eye in refpeft of 
C 4 the 
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Left. III. ihe Planet, and of the Sun which illullrates tho 
^.y-V*s/ Planet ; which difFcrent Pofition is likewife the 
Caiife why fomnimes we fee a gfcater, fometimcs 
a Icder Portion of the illuminated Face ; as it ought 
tp be in fpherical opgkc Bodies, which are expored 
to the bright Light of the Sun- 
vltStaa- Three of the Planets, -vix.. The Earth, Ju~ 
day Fin- filer, and Saturn, have other lefler Planets, which 
""'■ cootinuaily accompany them ; thefc arc called Se- 

cundary Planets, Moons or Concomitants ; for 
they conftantly keep clofe to their rcfpet^ivc Pri- 
maries, and always attend upon thetn in their Cir- 
culation round the Sun ; and in the mean Time 
each of them performs his proper Revokition 
round his proper Primary. The Earth indeed has 
VtEitib only the Maon to keep her Company, who never 
iiaccsmpt- forfaftcs her in her annual Courie round the i'»», 
maibjiti gj^jj while flie attends upon us, llie performs pro- 
'™' per Circulations of her own round the Earthi in 
the Space of a Month. 

That the Moon appears fo large (o us, and 
fhines fo brightly beyond all the Stan, and in 
Bigncfs fcems to equal the Sun, is owing intircly 
to her Ncarnels to the Earth ; for a SpeStator in 
the San would fcarcely be able toobferveher with- 
out a Telefcope ,■ and therefore, if iTie were as far 
removed from us a.s the Sun, fhe would be fo fmall, 
as fcarcely to be vifible by an Eye that is not ailift- 
ed by a Glafs. 
jnpiitr'i Jupiter has four Moont that attend him, 
J«>r MooEf. ^hich at different Diflances, and with different Pe- 
riods, perform conftant Circulations round him ; 
that which is next to him, is no further removed 
than 2J of his own Diameters, and .turns round 
in one Day, eighteen Hours and an half The 
fecond, at the Diitance of 4^ Diameters, defcribes 
its Orbit in the Space of three Days, and thirteen 
Hours. The third is removed from yupiur, feven 
of his Diameters, and fini/hes his Circulation in 
feven Days, four Hours. The furthermoft com- 
pletes his Period in the Space of 16 Days, iH 
Hours, at the Diftjnce of 12 Diameters of Jupiter. 
THES* 
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These Jovial Planets were firft obferved by Left. III. 
that noble llal'iMn PhilofopVier GatiUus, by [he Help Via^V"^ 
of the Telefcope which he firft invented ; and by 
them he increafed the Number of the Celeftial Bo- 
dies, and called them Mediceav Stars, in Honour 
of the Dukes of Tufiany^ with whoie Name he 
dignified them. By the Benefit of thefe new-dtf- 
covered Worlds, jlfironomj and Geoirafhy have re- 
ceived many particular Advantages. 

Saturn performs his Courfe round the SunSatu™ tit 
with no kis than five Anendants, tho' moft ofA' Mmui. 
them, by reafon of their great Diftance from the 
Sun, and the Smallnels of their own Bodies, are 
not to be feen but by the Help of very long Tc- 
lefcopes; The acute Eyes of Mr. Calftni the 
French King's Afironomcr-, were [he firft that reach- 
ed a[] that have been already difcovered j and but 
of late they have been feen in Britain, by means 
only of that Telefcope which was given to the 
RovAL Society by the illuftrious Mr. HugtJtt. 
The Diftances of thcfc Planets from Satura, and 
their Periodical Times, are as foUoweth, The 
neareft completes his Revolution in one Day and 
J, and is diftant from Saturn's Center 4 J of his 
tiemidiameters. The (econd revolves shouz Saturn 
in 2 Days 17 Hours, and the Semidiametcr of his 
Orbit is 5 .J of the Semidiameters oi Saturn. 
The third finilhcs his Revolution in 4. Days and 12 
Hours, at the Diftance of 8 SemiJia meters. The 
fourih completes his Period in 16 Days, and is di- 
ftant from Saturn 18 of his Semidiameters. The 
fifth and outermoft takes 75 a Days to finifli his 
Courle, aiid is 54 Semidiameters of Saturn diftant 
&oro bim. 

Besides thefe Attendants, Saturn has an Or-Satnm'j 
natrient peculiar to himfelf; for he is dignified"'"*' 
with a R/Mg which furrounds his Middle, and does 
no-where touch his Body ; bqt by an exafl: Libra- 
tion and Equiponderancy of all its Parts, fufiains 
itfclf like an Archi and being thus fufpendtd by 
Geometry, it is kept from falling upon his Body. 
The Diameter of this Ring is more than double 
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Lc<a. IV. of the Diameter of Saturn \ and tho' dieThickncfs 
of this Ring on the convex or concave Side be 
but fniall> yet its Breadth or Depth is fo great, 
that it takes up the Half of that Space which \& 
between its outward Surface and the Body of 
Saturn^ the reft of the Space remaining void : So 
that in proper Situations we can fee the Heavens 
between the Ring and the Body. For what Pur- 
pofe this admirable Ring was made, we know 
not ; and perhaps we never may come to the 
Knowledge of it, fince we find nothing in Na- 
ture like it ; but yet we cannot but admire the In^ 
finite Majefty and Power of GOD, who in this 
our Age, has difcovered and (hewed us new and 
unihought of Inftances of his Greatnefs. 

LECTURE IV. 

In "ik hich is proved that the Syftem Ex- 
plained in the former Lefturc, is the 
true Sydem of the World. 

T may perhaps be objefted againft the 
Syftem of the World delivered in our 
laft Ledlure, that we feigned and 
imagined our Spectator carried up 
into Heaven, and from thence to have 
feen with his Eyes the Motions, Situations, and 
Order of the Planets which we there explained. 
But this was only done in Imagination, and there- 
fore being nothing but a Fancy or Fidlion, the 
Syftem we have given upon that Suppofition, 
will be likewife only a Fiction or Hypothefis, 
and may not anfwer to the Reality of Things. Can 
there not, by the fame Liberty of Fancy, any 
other Order of the Planets be fuppofed, and another 
Syftem be given quite different from ours ? Can- 
not 
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not wc, relying upon our Senfes, place che EanhLeft, T\'. 
in an immoveable Pofition, and Tuppofc the Sun l^V"^ 
and Planets, and all the Starsj to move round ir, as 
our Eyes teftify ro us that ihcy do ? And from fuch 
Pofitions cannot we explain all the Appearances of 
their Motions ? 

I anfwcr> that akho' we fanfied our Spedi- 
tor raifed up to the Heavens, and ftom thence lo 
have looked upoa the Sun and Planers; yet the 
Order, iVlotions, and Pofitions of the Planets, 
which would be feen upon that Suppofition, and 
which we explained in the preceding Leflure, 
is no Fancy, or Fidtion of the Imagination, but 
is as real, certain, and indubitable, as if a Spc(2a- 
lor were there, and law it with his Eyes, A*'™ ^^ 
true Afironomfr feigns nothing without folid and^™'',/^ 
fufficient Reafons, he takes Nature for his Guide Fiaisw, w 
and Rule, and lays his Foundations on Obler- ■lO'/"'*'/'- 
vations ; He raifes his Syftem upon Phyfical 
Caufes, and invincible Geometrical Demonftraiions, 
with which, as with an indilTolvible Cement, 
he joins and binds the whole Fabrick together. 
The Hypoihejes of Vtolemy and Tyche may truly 
be called Fidtions ; for they have nothing in them 
but a bare Suppofition, on which without any 
Reafon they depend ; and they diftort and diforder 
the whole Frame of Nature. But the true ^ftra- 
noToy is the moft antient of all ; for it was prc- 
ferved in the School of the Fythajoreajis, to whom 
it was delivered by the firft ApraHnmeTs^ either 
Egyptians or ChaUeam : It has all its Parti fitiy 
joined together in a moft agreeable Harmony and 
Order; it leads us to the Knowledge of the Uni- 
verfe, and the wonderful Symmetry, Beauty, and 
regular Difpofition of all the Bodies that compofe 
it. There is nothing in Nature that does more 
ihew the piercing Farce of human Underftand- 
ing, the Sublimity of its Speculations, and deep 
Refearches, than true Afironomy. It raifes our 
Minds above our Senfcs ; and even in Contradi- 
€aoa to them, Hiews us tlie true Syftem of the 
World : The Faculty of Reafcn by which we have 
niadej 
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Left IV. made thcfc greit Dircoveries in the Heavens, 
^^y^j mart needs be derived from Heaven, fmce no 
earthly Principle can attain To great a Pcrfeiflion. 
And lince the Origination of our Minds is from 
Heaven, it may be expefted, that they will en- 
deavotir to return thither, and Heaven will be- 
come our final Habitation: We will here declare 
in few Words, fome of the Ways by which the 
Mind arrived to the Knowledge of thefc heavenly 
Dilirovcries. 
i ^""T First, it is certain that wherc-ever the Sun be 
W'f'iJIh' P'*"''' '^'^ Otbit of yienus does furround him, and 
iwu round includes him within itfelf; and therefore Venutt 
tb. Sua, while Ihc dcfcribes this Orbit, does really turn 
round the Sun ; for Venus has been obferved to 
be above or beyond the Sun, rometimes it has 
been feen below ir, or between the Sun and us. 
That Venus afccnds above the Sun, is plain from 
hence, that when (he is in Conjunftion with the 
Sun, that is, when flie is feen from the Earth, near 
the fame Part of the Heavens that the San is in, 
her lucid Face appears in a full and round Fi- 
gure: For fiace- all the Planets borrow all the 
Light with which they (liine, from the Sun, it is 
neccfiiry that that Face of hers Jliould be lucid, 
v/hich is towards the Sun, and that which is turn- 
ed from him, be involved in Darknefs; and there- 
fore when Hie fiiines with a full and round Face, 
that Side of her which is towards the Sun, is alio 
towards the Earth; and therefore, at that Time, 
(he muft be above the Sun; for in no other Pofi- 
tion, could her illuminated Face be towards the 
Karrh, when flie is feen in Conjuniftion with the 
PbM ir. Sun. In the Figure, let S reprefent the Sun.T the 
f'8- *■ Karth, and le: Vemi be in F or V, where Ihe 
can be feen from the Earth, in the fame Part of 
the Heaven that the Sun is ; and (lie will appear 
to have a full and round fhining Face; becaufe 
that Side of her which is illuminated, and is to- 
wards the Sun, is likewife turned towards the 
Earth i and therefore the Place of Venus, in that 
Cafe, muft neceffarily be above the Sun. That 
Ventfi, 



LECrU RES. 

Venus is alfo fomecimes below the Sun, or between Le> 
ibe Sun and us, is evident from hence ; ihtt 
fomecimeS) when flic is in Conjunftion wi[h the 
Sun, /he either quite dirappears, or, if Hie is vifi- 
ble, flie appears honied) and takes cxadly the 
Shape of a new Moon ; And theretore that Face 
of hers which is cowards (he Sun, either is wholly 
turned from the Earth as in G j or only a very ftnall 
Part of the illuminated Face towards the Eirrh » 
and can be fccn by its Inhabitants, as in H, in which 
Cafe (he afflimes a horned Figure as the Moon 
does; and therefore at that Time Ilie rauft of Ne- 
cefliiy be placed between the Sun and us, and come 
lower or nearer to us, than ibe Sun is. Once Ve- 
r.a! was feen within ihc Body or Disk of the Sun ; 
but [here was but one Man who had the Happi- 
nefs to beWitnels of the Sight, our Country-Min 
Mr. HoTTOx^ who in the Year of Chrift ifi39, 
obferved it with his Telefcope to enter upon 
the Body of the Sun like a black Spot- This is 
a Sight which can feldotn be obferved ; for it will 
not be feen again in the Sun's Body, "till the Year 
17^1, upon the 26th Day of the Month of May in 
theMorning i at wbich Time all our Alhonoinirs wiUj 
no doubt, be bufv in making their Obicrvations ; for 
by them our Diftance from the Sun can be nearly 
determined, which before that Time is not eafily 
to be afcertained. Befides this, Vevtn is always ob- 
ferved 10 keep near the Sun, and in the fame Quar- 
ter of the Heavens that he is ; for iht never recedes 
from him beyond a certain Diftance of about 45 
Degrees; fo that flie never comes in Oppolition 
to the Sun, or to be feen in the Eafl when he is in 
the Wefi; nay, (he never attains or arrives at a 
Quartile Afpeft with him, or to have a fourth 
Part of the Heaven between her and him, which 
would necetTarily happen, did Ihe perform her Pe- 
riod round the Earth either in a longer, or Ihorter 
Time, than the Sun does. 

After the fame Manner Mercury always keep; tu 

liiailelf in the Neighbourhood of the Sun, andf"" 

never recedes from him fo far as Venus does : ^1^ 

Hev,' 
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Led. IV. He hides himfelf fo much in the Splendor of the 
w^'V^^ Sun's Raysj that he is but feldom feea by us on 
the Earth j but fince the Invention of Telefcopes, 
he has been frequently obferved, when in Conr 
jundion with the Sun, to pafs under his Disk 
like a black Spot, as Venus was feen by Mr. Hi^r- 
fox : The exceeding Brightnefs by which Mercury 
outfliines all the Planets, does evidently prove 
him to be much nearer the Sun than any of the 
reft,- for the nearer any Body is to the Sun, the 

freater is the Illuftration it receiveth from him. 
rom all this it is evident, that Mercury does like- 
wife go round the Sun in a lefler Orbit, included 
within the Orbit of Venus y which therefore muft 
neceffarily be his Place, for no other can be aP- 
figned him. 
The Orbit Mars is not like Mercury and Venus ; for he 
fiJ^fi^"' often comes in Oppofition to the Sun, and appears 
Sun 'within to riie in the Eaft^ when the Sun fets in the 
it, andiike-JVeft'^ and therefore his Orbit includes the Earth 
i''^th '^' within it, and not only the Earth, but it necefla- 
^ ' rily includes the Sun likewife^ for Marsy when he 
is feen near the Conjundlion with the Sun, if he 
were between the Sun and Earth, would either 

§uite difappear, or appear horned in the feme 
hape that Venus and the Moon have in that Pofi- 
tion,' but he always preferves a full, round, and 
fliining Face, except near his §luadrat ^fpe6iy that 
is, when there is about a fourth Part of the Hea- 
vens between the Sun and himj then he is ob- 
.ferved to be fomewhat; gibbous, like the Moon, 
three or four Days before or after the Full, 
Plate II. Let S rcprefent the Sun, T the Earth, and the 
Fig. 3* Circle MNPR the Orbit of Mars; it is plain 
that M^rsy in both M and P, muft fliinc with a 
Full Face upon the Inhabitants ot the Earth, be- 
caufe that in both thefe Pofitions his Face, which 
is towards the Sun, and by it illuminated, \s 
likewife towards the Earth : But in N and R, 
he will appear a Uttle gibbous or deficient from 
Full. Befides, Mars^ when he is feen in Oppo- 
fition to the*Sun, looks almoft feven times larger, 

in 
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Sa Diamcier, than when he is near to 3 Conjunftion Left. IV. 
With him ; and therefore he muft needs be fevcn ^^V""^ 

times nearer to the Karch in the one Polition than 
'In the other. From hence it is plain, that tho' the 
Earth lies within the Orbit oF Martt yet it is not 
near to the Center of his Orbit: But Man al«'ays ,^^"'^ 
keeps nearly at the iame Diftance from the Sun,c,wo-'^' 
and therefore it is evident, that it is not the Earth, Mits'j 0'- 
buc the Sun, which Man refpefts as the Center*"- 
of his Motions : For Man feen from the Earth 
appears to move very unequally, fometimcs to go 
filter, fometimes flower ; fometimes he fcarcely 
feems to move at ail, and fome[imea he even 
goes with a backward Motion j whereas a Spe^fVa- 
tor in the Sun would always fee Man go for- 
ward in the fame uniform Tenor : And therefore 
it is moft evident that the Sun is the Center, 
and not the Earth, of Man's Motions. Again, 
fince the fame Appearances are obferved in 7*- 
'jpfeer and Saturn, as in Mars, (though the Difpro- 
'portion or Difference of the Dillances is not ib 
rgteat in Jupiter, as in Man i nor fo great in 
'■^aturji, as it is in Ji/fiiter) and the Motions of TJij /jm 
ihefe two Planets are no ways uniform round ■^pp""/^'" 
"the Earth i yet from the Sun their Motions will ^ j"^'^j„_ 
be feen to be regular and orderly : It is plain 
from hence, that the Sun and not the Earth, is 
in the Center of all the Orbits of the Planets. 
The Place of the Earth we have demonftraced 
to be without the Orbits of Mercury and Venutj 
atid within the Orbit of Mart; and therefore 
its Place muft needs be between the Orbits oi Venus 
and Mars: And from thence it follows, that the 
Earthitfelf muft turn round the Sun ; for if it ftood Tbt Eanh 
ftill, iince it lies within the Orbits of the fupc- ■"™" '" " 
rior Planets Jy^rr, Jupiter, zaA Saturn, we might f^'^*'/ '"^ 
indeed obferve the Motions of thofe Planets from ' ""' 
the Earth, to be very unequal and irregular ; but 
ihcy would never appear to ftand ftiil, or to go 
backwards, To long as the Orbits themfelves arc 
cuiercent, as we demonftrated in our firft Leiflure. 
Since therefore the Stations and Rctrograda- 
tions 
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Left. [V.tion? of ibefe Plinets arc obfervcd from theEarih J 
*i--V^^j and fincc the PoGtion of the Earth, or Place that I 
it obrains in the Syllem, is in the Middle of die 
moveable Bodies, having Mercury and ycTuii oa 
one Side nearer to the Sun, snd Mart^ Jafittry 
and Saturn, on the other Side, more remote i it 
being of the fame Nature as they arc, muil hke- 
wife have the fame Sort of Motions ; and as the 
Earth is in the middle Place between Venus and 
Man, fo its Period likewife, in which it performs 
its Courfe round the Sun, is alfo a Mean between 
the Periods of ffsdx and Man, bcinE greater than 
the one, and lefs than the other : For Venyt dc- 
fcribcs her Orbit in eight Months; the Earth in a 
Yeari but Mart takes near two Years co finilh his 
Courfe. 
A Demon- There is another Demonflraiion of the Earth's 
ftrtiim 0/ Motion drawn from Phyficil Caufes, for which 
'smZ' *^ "^ indebted to the admirable Difcoverics of 
the incomparable Sir Isaac Newton : He has 
demonn:raied, that all the Planets gravitate to- 
wards the Sun : And Obfervations teftify to us, 
that cither the Earth turns round the Sun, or the 
Sun round the Earth, in fuch a Manner as that 
ihey defcribe equal Area's in equal Times. But 
Sir Isaac has demonftrared, that whenever Bodies 
turn round each other, and regulate their Motions 
by fuch Law, the one muft of Necellity gravitate 
to the other; and therefore, if the Sun in its 
Motion does gravitate to the Earth, Ai5tion, and 
Re-a£tion being equal and contrary, the Earth 
muft likewife gravitate to the Sun. He has 
likewife demon ft rated, that when two Bodies 
gravitate to one another, without direftly ap- 
proaching one another in right Lines, they muft 
both of them turn round their common Center 
of Gravity- The Sun and Earth therefore do both 
turn round their common Center of Gravity. But 
the Sun is fo great a Body in refpeft of the Earth, 
which is but a Point, as it were in cotnparifon, of 
the Sun, that the common Center of Gravity, of 
the Earth and Sun, muft lie within the Body of 
the 
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Sun icfelf, and not far from the Center of the Led. IV. 
Sun : The Earth therefoie turns found a Point ^•V"^^ 
■which is within the Body of the Svny and there- 
fore turns round the Sun. This Argument drawn 
from Phyfical Caufes I take to be Lmanfwerabte. 

Comparing the Periods of the Flantts, or 
the Times they take to finifh their Circulations, 
*ith their Diftances from ihc Sun, we find 
they ohferve a wonderful Harmony and Propor-.^ww^^''- 
tibn to one another i for ihe nearer that any Pla -^'S^ 
net is to the Sun, the fooner does he finifti hi. dnvmtu 
Circulation, and his Motion is the quicker: AndPm.nsf 
in this there is a conftant and immutable Lawj '*',^^^™' 
which all the Bodies of the Univerfe inviolably ^,^a«(w 
obferve in their Circulations ; viz. That th'-f.^.m itt 
Sattarer fff their Piriadical Twits are as the C«tfiSun. 
of their Diftances from the Center of fheir Orbitty 
about which they perform their Motions regularlj/. 
The moft fagacious Kepler wai the fiift who dif- 
covered this great Law of Nature in all the Pri- 
mary Planets ; afterwards the Afiranomers obferved, 
that the Secondary Planets did likewifi; regulars 
their Motions by the fame Lawi and that in the 
two Syftems of Bodies revolving about Jupiter 
and Saturn, this Rule is conftant ly obferved, 
that the Squares of their Periodical Times arfi 
I as the Cubes of their Diftances from their refpec- 
I rive Primaries. Thus the Moon or Satellite that 
is next to JupiteT, is diftant from Jupiter's Cen- 
ter 2j of Jupiter's Diameiers, and he performs 
his Period in 42 Hours. The outermoft Satellite 
defcribes his Orbit in 402 Hours. Say therefore, 
as 1764 the Square of i.2, is to 11S1604 the 
Square of 402 ; fo is ^^ the Cube of 2I, to a 
fourth proportional Number, which by the GolJex 
Rale will be found nearly ■*V:^° i out of 
, which Number extrad Che Cube Root, and wc 
I have I* or 12^ for the Diftance of the further- 
I moft Satellite from Jupiter. Now the Obferva- 
[ lions of all Afironomers confirm, that this is the 
f true Diflance of that Satellite from the Center of 
\ Jupiter, and the fame Thing is to be obferved 
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Left. IV. in all the reft, as likewife in the SatelUttt 

t^V%( Sarurn. 

The Reafoa of this Law was unknown to Kf^/er, ' 
for be found it out only by Computacion, coqi- 
mring the Diftanccs of the Vlanets with theit 
Periods. But the Glory of inveftigating ii from 
its proper Caufe, and aemonftrating the Phyfical 
Neceflity of rliis Law, was rcferved for the Greai 

jifl&ie Sir Isaac Newton, who has demonftraied, 

iW^^/ti- ^''^^ without a total Subverlion of the Laws of 

^e/tk Nature, no other Rule could take place in the Cir- 

A«r/"™ anj culaiioos of the Hcivcply Bodies. 

Ciffiift^; SiucE therefore all -^/roncwer/ do unanitnoufly 
""'"y- agree, that ihc Law we have above explained, if 
conftantly obferved by i+ great Bodies, ofwhicb 
there are piore than one that turn round a com- 
mon Center, viz. five Primary Planets and nine 
Secondaries : And iijice the Moan turns round the 
Earth, if the Sum did iikewife perform his Cir- 
cuits rouud it, according to this Law of Na- 
ture, the Moan and Sun ought to regulate their 
Motions iu the fame Manner i and therefore fince 
the Moon finiflies her Courfe in 27 Days, and the 
Siia in ^fS^, and the Didance of the Moon is 
known to be about fioSetnidiameters of the Earth ; 
if we fay, as 729 the Square of 27 is to 13J225 
the Square of 51jj, fo is aiiSooo the Cube of 60 
to another, which will be 59+7525i> the Cube 
Koot thereof being 340, ought to exprcfs the 
tliftance of the Sua from the Earth, provided 
he governed his Motion by the fame Law that 
all other Bodies do. Now the ji^ronomers prove 
by invincible Reafons, that the Sun h more than 
30 times further from the Earth than 540 Semi- 
diameters of the Earth ; for it cannot well be 
fuppofed fo little as 10000 Scmidiatneters : Ac- 
cording to which Diftance it could not turn 
round the Earth in lefs than 164 Years, 
if it obferved the fame Law which all other 
Bodies do. 

Now 
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Now it is certain [hat the Sua docs dtherLefl, IV- 
turn round the Earthy or the Earth round the U^V^ 
S«n, once in a Year. But if the Sun ihould bc/;^'^^Sui. 
made to turn round che Earih, the univerfal Law,^^jf4, 
of Nature would thereby be violatedj the Hir-E>nh, tbi, 
mony and Proportion of the Mocions deftroyed,^*""™""' 
and a Confufion and Diforder introduced into the,^"^™^. 
Frame of the Univerfe. But if ihc Earth hefi/lj tald. 
maile to go round the San in the Spice of a Year, 
ic will then perform its Circulation according to 
the fame Law which the other fUnets obferve j 
and without the leaft Exception there will be a 
moft beautiful Order and Harmony of Motions 
every-where preferved ihro' the whole Frame of 
Nature. 

As we difcover the mutual Relations and Like- 
nefs of Nature that is in the Planeit, in that 
they are like our Earth, Opike, Spherical Bo- 
dies, which arc illuftrated and Oiioe with the bor- 
rowed Light of the Sun, round whom th^ all 
circulate, as we have faid, with a regular Har- 
mony and Order : So likewife the 5bw and all the 
fixed Start which fliine with their own native 
Light, and remain immoveable in their Placesj 
are to be confidered as Bodies of the fame Kind 
and Nature. The Reafon why our Sun appears to 
us lb great and bright in comparifon of the StarSj 
whofe weaker Lights difappear as foon as the Sua 
begins with his Beams to refrefli and illuftrate our 
Habitation, is, that the Earth at an iramenfc Di- 
flance from all the reft of the Stars, keeps near to 
(he Suit, round whom fhe always circulates ; for a 
SpcSitor placed as near any of them as we are to 
our Suti) would fee a Body as big and bright as 
the Sun appears to ua, and every Way like our 
Sun. A Speftacor as far diftant from our Sua as 
[he fixed Start are from us, would obferve our 
Sum as fmall as a Star, and no doubt would rec- 
kon the SuTj as one of them in numbering the 
Start. All the fixed Stars therefore are Sum, and 
the Sua diSirs in nothing from a fixed Star. 
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Left. TV. Altho* the Earih is at fuch a Diftance 
iyV'\) from the Sun, ihar if it were to be feen from 
his Body, it would appear no bi^er than a Point ; 
yet tbat Diflaiice is lb very fiaall in comparifon 
of the exceeding great Diftancc of the ncarelt 
^xed Star, that if tlic whole Orbit, in which we 
have faid the Earth moves round the Sun^ were 
feen from a Star^ it would appear likcwife no 
bigger than a Point. For the Angle under which 
the whole Diameter of the Earth s Orbit appears, 
is lb very fmall, that our quickeft and molt fharp- 
lighred A^ronamers can Icaicely obferve it. They 
who have been moft diligent in obfcrving this 
Angle, (which they call the Parallax of the great 
Oibit, that IS, of the Orbit in which the Earth 
moves) have always found it to be lefe than 3 
Minute ; and therefore the fxed Stars muft be ac 
leail loooo times further from us, than we arc 
from the Sun. 

Hence it follows, that tho' the Earth ap- 
proaches nearer to fome fxtd Stars at one Ticne 
of tlie Year, than it does at the oppofite Time» 
and that by the whole Interval of the Diameter of 
its Orbit, the Start will not upon that Account 
fccra bigger when it is neareft to them, nor will 
the vifible Polition of any two Stan be fenfibly 
changed by the Motion of the Earth. For even 
here on Earth, if there be two Towers that arc 
near to one another, if they are to be feen by 
a Speftator who is ten Miles diftanc from each, 
if this SpetSator approach nearer to them only by 
one Pace, which is the ten thoufandth Part of 
' the Diftance, he only approaching by fo fmall a 

Space, can no ways perceive the Towers bi^er, 
or their Diftance from one another greater. After 
the fame Manner the Earth approaching a fixed 
Star, and coming nearer to it by the ten thou- 
fandth Part of the Diftance between the Earth 
and it, a Speflator on the Earth, upon the Ac- 
count of (b fmall a Change of Place, will not find 
thereby any fenfible Difference either of the Mag- 
nitude or Polition of the Star. 

Hencb 
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Hence it follows, that if the Sii» were as farL^dt.JV. 
diftanc from us as the Stan are, that is loooo Se- ^••'V"'^* 
midiameters of the Earth's Orbit, it would appear 
loooo times lefs, or under a fmaller Angle than 
it does now. Now the Angle under which the 
Sun appears to us, is about half a Dqrree or 50 
Minutes i if the Svn were removed as far from us 
as the fxed Stars are, he would be feen under an 
Angle of but the ihoufandth Part of three Mi-^'^"^'''. 
nures ; that is, under an Angle no bi^er than ten ,t, ^^ " 
Thirds, which is altogether imperceptible ; and noto«tf b^- 
bigger wotild the Angle be under which a Spefla-^"''/™ 
tor placed among the fixed Stars would obfervc 3™. ' "' 
the Sun. 

Against this Pofition of ours fome may ob- 
jeilj that if the Diftance of the Stars be fo 
great, they themfelves muft be vaftly larger than 
our SuTi i for they cannot, according to them, be lefs 
than a Sphere, whofe Semidiametcr equals the 
Diilance between the Sun and us ; for they aflert, 
that the Stars, at leaft thofe of the firfl: Magni- 
tude, are feen under an Angle at leaft of one 
Minute : But the Orbit of the Earth feen from the 
fxed Stars does not fubtend a greater Angle ; and 
therefore the Diameter of the Stars is not lefs than 
the Diameter of the Earth's Orbit, Now that 
Sphere whofc Semidiatneter equals the Diftance 
between the Skjt and Earth, is 3 Million of 
times greater than the Suit ; confequencly the 
fixed Stars muft be at leaft a Million of times 
greater than our Suh : Since tlierefbre there is fuch 
enormous Difference in their Bignefs, it cannot 
be fuppofed that the Sun and fixed Start are Bodies 
pf the fame Kind. 

But they who afcribe fuch immenfe Magni- Tit (i«ii 
wde to the fix^d Stan, are much deceivea in^'"**^ 
their Meafures; for their apparent Diameters arefl,-j„,^™' 
pot near fo great as they fuppofe them to be; ForW/oaliM 
really thefe Diameters are fo extremely fmall,^"'""' 
that if they be rightly obferved, they appear like 
lb many ihining Points without any Breadth or 
Piametcr at all ; and there can be no Obfervations 
D 3 nice 




^ 



j8 



AST RONOMIC AL 



Left. IV. nice enough, by which the Minuccners of their i 
V-V"^ I^iiW^f^""^ t^*" be meafured, or reduced to any i 
deiermmed QLnnticy. We obferve about all fla- \ 
ming and (hining Bodies in the Night, a kind 
of Irradiation or luminous Appearance, by which 
their Diaineicrs are Teen a hundred or many 
more times bigger than they are ; as it is plain 
h'<j the Experiment of a Cnndle placed at a 
greai Diftance, whofe Flame feems to be much 
larger than it is when we come near it. This 
Irradiation is much diminithed, if they aro look- 
ed at thro' a fmall Hole made with a Pin in Pa- 
per j but it is cafier and more nicely taken 9way, 
when they are fcen thro' a Telefcope, which 
deftroys the adventitious Rays, and (hews us iha \ 
fixed Stars as fo many lucid Points. Now iho' 
Tdefcopes do increale the Diameters of Bodies , 
very much, yet the fixed Stars fcen thro' them 
appear ftill fo fmall, that we have no Meafatc , 
of any determined Magnitude, but what is greater 
than theirs feem to be ; a Telefcope magnifying 
a hundred times, rtiews them only like Ihining 
fyi^gt i, Po'""; and therefore I cannot but wonder why 
^mmfira- Ricciolus {Hould fuppofe the apparent Diameter 
rntijihe of the Dag-Star or Sirius to be i8 Seconds; 
TtJejisfi. fjjp jj,- j[^j^ vict^ the Angle he fubtended to 
the naked Eye, a Teler,:ope which magnifies 

L200 times, would ihcw that Star under an Angle 
of 3(Soo Seconds or one Degree, fo that he would 
appear to have a Disk four times greater than 
the Sun and Moan have. And yet Obfervation 
teftifies, that fuch a Telefcope (lieA's us Sirius no 
bigger than a Point, at leaft not larger than the 
Planet Mars : But Mars, when he is nearcft us 
and biggeftj fubtends an Angle of about 50 Se- 
conds ; therefore, if the Diameter of Sirius mag- 
nified 200 times is b'jt 30 Seconds, its apparetit 
Diameter without magnift'ing will be the 2oo(h 
Part of %a Seconds, or -^ of a Second, that is 
nine third Scruples or Minutes, or nearly equal 
to the Sun when it is feen at the Diftance of 
the fixed Stars^ as We Ihcwed before ; The 
Sun 
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Svn therefore and Siriu! are nearly of the fatncLofl. [V. 
Magnitude and Dimenfions, and may be cftecmed \.^v'^^ 
Bodies of the fame Kind. 

Since the fixed Start appeir fo fmall, and 
fii)[end at the Eye fuch unperceivible Angles, 
fome will wonder how chey come to be at all Teien, 
fince there are Bodies which would fhew fhtOV- 
fclvcs under larger Angles, that are yet fo firtall 
as not to be looked at withour a NKcrofcopc: 
But all flaming and fiery Bodies can be fCcn at 
great Diftances, even at fuch from whence other 
Bodies, which have as large apparent Diaineters, 
do quite difappear, and become invifible. Thus 
the Flame of a Candle in the Night-time is ca(ily 
perceived at the Diftance of two Miles, where- 
as in the Day-time an opake Objeftj tlio' ftrongly 
ilfuftrated by the Sun, and fix times bigger thaij 
the Flame of a Candle, is nOr to be oblcrved' 
With the naked Eye at chat Diftance. For the 
native Light that thele fiery and flaming Btjdies 
fend forth, is ftronger and more piercing, and a&s' 
upon the nervous Fibres of the Tietina with a greater 
Force, than the Light reflefted from opalce Ob- 
}e&s ; for all Light is much weakened by Reflec- 
tion, And it is upon the account of this brisk 
and ftrong Light which flows from fiery Bodies, 
and which makes fo renfible ImprefTions on the 
Retina, that fuch Bodies are judged to be fo big 
Jo comparifon of others which affeifl us with a' 
weaker Light. 

Hence ir is evident, that all thefe Start which Thr fixtj 
remain immoveable in the Heavens, are BodiesStars-^f 
of a fiery Nature, as our Sun is, nor are chey^'"™' . 
much lefs, nor much bigger than he is, and there- ■* 
fore are to be cfteemed as fo many Sunt. It 
is not to be imagined, that all thefe Ssm are planted 
in one concave Surface of a Sphere, fo as to 
be all equally diftani from us ■^ but it is more 
reafonable to fuppofe that they arc fpread every- 7-^, (j^^^j 
where thro' the vaft indefinite Space of the Uni-siarsar* 
.vcrfe, and that they are at great Diftances fromSunB. 
pnc another i fo due there may be as great Diftance 
D 4 between 
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Le<ft. IV. between any two Suns that are next to one an- 
* other, as there is between our Sun and the neareft 
fixtd Star. Hence a Spciftator who is near any 
one Sun, will only look upon him to whom he is 
pcareft as a real Shh, and the reft he will confider 
«s fo many fmall fliining Stars ibted in his Heaven 
or Firmamenr. 

It is no ways probable, that God Almighty.who 
always ads with infinite Wifcom, and does nothing 
in vain, ihould create To many Suns, and place ihcm 
alone in indefinite Space, at Tuch great Di<lances 
frotn each o her, and not have made other Bodies, 
which he has placed near them, to be noitrilhed, 
animated, and refrefhed with the Heat and Light 
of thefe Sutis : Thok who affirm, that God created 
thefe great Bodies only to give us a fmall dim 
Light, muft have a very mean Opinion of the 
Divine Wifdom. It is more reafonable to fuppofe, 
that every Sun is furrounded with a Company of 
TUnets peculiar (o himfelf, which in different Pe- 
riods, and at different Diftances, perform their 
CircDlations round their proper Sun ; and who 
knows but that fome of thefe Planets may have 
Moons, and other Bodies, to attend them in their 
Circulations ? 
^If^*-^ Hence we may frame to ourfelves an admi- 
imftf"" ^'■^^^ mamificent Idea or Notion of the Vaftnefs or 
Amplitude of the World, by imagining an indefi- 
nitely great Space of ihc Univerfe, in which there 
are placed innumerable Sjk»*, which, iho' they appear 
to us like lb many fmall Stars, yet are Bodies which 
are not behind our Sun either in Bignefs, Light, or 
Glory i and each of them conftantly attended with 
a Number of Flauttt, which dance round him, and 
conftiiute fo many particular Wor/oi or Syftems : 
Every Sun doing the fame Office to his proper Pla- 
nets in illuftra:inB, warming, and chcrilhing them,, 
that our Sun performs in the Syftetn to which we 
belong. 

Hence we are to confider the whole Uni- 
verfe as a glorious Palace for an infinitely Great 
apd every-where-prefent: God ; and that all 
the 
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" " n of iVorldsy are as Co many Left. V. 
le difplays his Divine Power,t^^^j 




Of the Solar Spots. Of the Rotation 
of the Sun and Planets round their 
Axes : And of the rixed Stars. 

JlPON the Account of the great Di-Tle cm- 

'-'™ vexity of his Body cannot be perceived ^ofn" ah. 
J by our Sight j nor is this a Wonder, »«*< pn- 
Cnce the Moon^ which is much nearer'"™''*?™' 
to us, cannot be feea as a globular Body : But both'^-''"" 
Sun and JWtfoo ihew themfelvcs to us, as if they 
were circular Planes, which we call Disks : Ana 
a Point in the Middle, which is really in the Sur- 
6ce, is raid to be ihe Center, or the Apparent 
Center of the Disk. 

If the 5«w thro' all its Parts were every-where 
equally bright, and fliined with the fame Luftre, 
he might turn round his own Axis^ and that Ro- 
tation no ways be perceptible, nor to be difco- 
vered by our Senfes. But fince in the moft clear 
and lucid Body of the Sun, and in its pureft Flame, 
many black Spots have feveral times btcn ob- 
fervcd, it is by their Motion that we difcover theca,^ s^«. 
Rotation of the Sun round its Axis: For thefe*" '*< sua'i 
Spots have been obferved to have firft appeared ^"^" 
near the Mjrgin of the S«h, and then by De- 
grees [o have crept towards the Middle, or Cen- 
ter of his Disk ; and from thence going ilill for- 
ward, have arrived at the oppoGie Side or Edge 
qf the Disk, where they have fet or diiappcared ; 
and 
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V.and fomc of them after retting, being hid or ab«l 
fconded in the oppofite Side of the Sbh for tbft 1 
Space ot about fourrcen Days, have again appear- 1 
ed in the Margin, and (hewed themfelves, taking ■ 
the fame Courfc as before. Let the Circle 
AGHD reprefent the 5«i»*s Didt; we often ob^J 
ferve fomc denfe and obrcurc Subflances, likef 
our ihicic and terreArial Clauds, to appear in the I 
Limb or Edge at A, which by Degrees move to- ] 
wards B, and at laft arrive at the Middle of the I 
Disk i after which, MI going forward, they (hew I 
themfelves in the oppolite Point of the Circufti- 1 
ferencc at D ; where after a little Stay, they ac J 
laft vanifh and difappear. 

Some of thefe Spots have been obferved to 
ri(e in the Limb, and having traverfed the Disk, 
and fet, after the Space of twenty- feven Days, 
have again been fcen to rife where they fuft 
appeared ; and the Time they take to move thto' 
(he Surface of the Sun oppofite to us, during 
which Time they are invilible, is juit and equal 
to the Time in which they pafs over the vi(ible 
Disk, The Motion of the(e Spots in the Mai^in, 
at A or at D, appears to be flow ; when they come 
towards the Middle they (eem to move quicker, 
and to defcribe larger Spaces: Their Figures likewilc 
change; for in the Limb they arc feen more con- 
traded and narrow, near the Center they look 
I broader and larger; thefe Appearances exadtly an^ 
"^fwer to the Motion of Tome denfe and dark Bo- 
dies, which fwim upon the Surface of the 5kk, 
and are whirled by the vertiginous Motion of the 
San round his Axii. 

Some have imagined, that the(e Spots do not 
ftick upon the Body of the Sun, but that they 
are aC Tome Diftance from him, and that th^ 
perform their Circulations round the Sjb» in the 
fame manner as JupUer'i Satellite! circulate round 
Jupiter, But fuch are eafily refuted ; for if the 
Spots were not on the Body of the Sun, but made 
their Circuits at a Diftance from him, they 
fould not be feen half the Time of their Period 
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J. in the Body of the S«Bi for fuppofe the Sum in Left. V. 

Mfik be feen from the Earth at B, under the Angle (^^^^ 
[tof 30 Minutes : If ihe Spot were not on the Sun'i Pj'W 11. 
■^fcdy, but defcribed the Circle FEG at Tome**- *• 
Piitance from him ; it could not be obferved ropaTs 
mder the S«w, 'till ir came to E, where the right 
e B D, touching the Disk, does cut the Orbit i 
if we draw another Tangent to the Disk 
3 G C, it would oniy be (ten on the Surface of^< ^^>" 
the Sun, while it defcribed the Arch E G, which ^" '^ 
is much leis than half the Periphery, and is defcri- ,t/siui. 
bed in much lels Tune than half the Period, in 
which the Spot performs its Circuit. Now we know 
by Oblervation, that thofe Spots which finifli an in- 
cite Circulation, (tor Tome of them have been ob- 
ferved to make four or five complete Revolutions 
before they were diffolved, each of which was 17 
Days) have taken i^ J D^ys from the Time of their 
appearing, or rifing on the Eajient Limb, to their 
Setting on the IVeflem : And therefore, (ince the 
Spots are feen for half the Time of their Period up- 
on the Body of the Sun., it is plain their Orbits 
muft lie on the Suiis Surface. 

Manv Spots feem to be generated in the very^J"" ,£""- 
Middle of the Disk, where they firft begin to ap-^^^ ";. '^ 
pear: Others again Teem to be ditTolved, and tosun, atda- 
vanilTi there; (bmeiimes fevetal fmali ones gather £ai« flrt 
together, and raalte a large Spot; and fbmeiimes ^'r^i^j^^dir- 
large Spot is feen to be divided, and cut into ma-jtpa/nt' 
ny lefler ones. The great UalitJt Philofopher Ga- 
Hleus firft difcovered ihem with his Tclcfcope. 
Afterwards Scbeinerus did more accurately obferve 
them, who has publifhed a large Volume about 
Aetn. When he obferved them, there were then 
yo vifiblc in the Sun: From the Year 1650 to the 
Year iiSyo, there were rarely feen above one or 
iwo togetheri from that Time again many have 
been oolervcd together ; nor does there feem to 
be any certain Period of Time, or Law for their 
appearing, and Vanilhing or DiflMution. 

HlSTO- 
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Le£l. V. Historians teli us, that the Sun has been ob 

V^V^^ fcrvcd for a whole Year to have appeared pale 

7if Sua **i without that Luftre and Brightners it uuially gives 

ptMr'iT'paii*^^ that it hath not imparted its Heat and Ligli 

fir d riar with the Tame Force and Vigour that it ordioarfl] 

"«"*"■■ does, h is probable, that this Weakncfs of Lij^b"* 

did arife from a great Muhitude of Spots whid. 

at that Time did befec the Sun, and covered i 

large Portion of his Surface : For now we frei 

qucntly obferve Specs which arc lai^er or broader, 

not only than Europe or Afrirk, but what evcB 

equal, if they do not exceed, ilie Surface of tbo 

whole TeTTaiueoui Globe. 

The Motion of the Spots is from the W^ 
to the Eafi, and by obferving the Sun nicely, vn 
find that iis j^xis is not perpendicular to the Plant^^ 
of the Earth's Orbit, which is called the PiaOQ 
Its^hi'l'^^ the EcHptiei : But ic is inclined, fo as to make 
i/imi » ifc*n Angle with the j^xh of the Orbit, or with t 
p/flMiJ^ lie Perpendicular to the Plane of the Orbit which 
Eclipticlt. pjfl-es thro' the Center of the Sun, which Angle is 
in Quantity about feven Degrees : And there- 
fore the j^quatOT of the Sun, that is to fay, thQ 
Circle which is in the Middle between the two 
Poles, cuts the Plane of the Orbit in a right Lin^ 
which Line produced will inrerfeft the Orbit ia 
two Points i and whenever ihe Earth comes to 
thefe two tntcrfcaions, the Traits which the 
Spots defcribe will appear as rif-hc Lines, iince the 
Eye of the Speiftator is in the Plane of their Mor 
tion : But in all other Polirions of the Earth, the 
Plane of the Sun's jEquacor is either above or be. 
low the Eye of the Spedtator, and the Lines in 
which the Spots are feen to move, appear crooked 
and feem to be EiUpfes. 

Since the mofi bright Body of the Sb» u 

not without its Spots and Blemillies, we are not 

to imagine that the Planett are clear, and with- 

Thr Planctsout their Stains and Marks. Jupiter, Mars, and 

hknui^bi-ucYsnus, when looked at through a Telefcope, have 

^f°"' feveral very remarkable ones ; and it is by their 

Motions, that we conclude the Rotation of the 
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[ VUMets round iheir jixes^ after the lame Manner, Led, V. 
I gnd by the iame Argument, thsc we proved the -""VN* 
[ Rocacion of the Shu. The Body of Vettus per- "^'y '•"_ 
I forms ics Revolucion round its ylxh in the Space ^^^ " 
I of 25 Hours, itfjry finifhes his Rotation in 24 
( Hours and 4.0 Minutes. The Esrih in a Day, 
which we colicit from the apparent Revolution of 
the Heavens, and of all the Start round it in that 
Time. All ihele Bodies in their Rotations go the 
fame Way from the IVeJl to the Eafi. 

Jupiter, belides Abundance of Spots, has fomejupiter'i 
Bands or Girdles which furroundhim; they aie^'"'- 
parallel to one another, but they neither preferve 
the fame Magnitude nor Diftance ; but fometimes 
they increafe, fometimes they diminifli their 
Breadth, fometimes they approach each other, 
fometimes they recede from one another, and un- 
dergo feveral Changes. In the Year iiiiSj, M. 
Cajflni difcovered a very large Spot in Jupiter's 
Disk] which he obferved continually for the Space 
of two Years, and determined accurately its Fi- 
gure and Poiition in refped to his Girdles ; but Tic Chmpi 
this Spot vanifhcd in the Year 1677, and was *' "'"'f^'' 
not again feen 'till the Year i6j^ : Afterwards 
for the Space of almoft three Years, it continually 
(hewed itielf, and then by Degrees withdrew 
itfelf from our Sight, and has fmce feveral times 
appeared and difappeared. In a Word, from the 
Year iiStfj, when it was tirft obferved, to the Year 
1708, it has eight times appeared and vaniflied. 
By its Revolutions we conclude, that the Body of 
yupiter moves round his jixis in the Compals of 
9 Hours and 56 Minutes. 

It is probable chat our Earth enjoys a more 
conllant and fettled State and Condition than Ju- 
piteri for we obferve greater Changes in his 
Surfece, than what would happen to the Earthy 
if the Ocean (hould leave its Place, and over- 
whelm the Land, and give us a new Place, and a 
new Figure of the Sea, by changing the Places 
of Land and Water, Bui this is upon Suppofi- 
tion that thefe Spots are inherent in the Body of 
fufiter . 
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lABt. V.ytffter: But if they are only Clouds and Vapours 
fwimming in his Atmofphere, then indeed the In- 
babiunts of Jupitfr would have a more conftant 
and permanent State of Weather, thin what any 
Part of the Edrtb enjovs : I leave it to the Fhilo' 
Jopbers to determine wnich of thefe two Opinions 
is the moft probable. 

Mercury does always keep fo near the Smt^ 
with Co ereat a fhining Luftre in all its Parts ; 
and the Heaven, while he is fecn, is fo much 
illuminated, that there can be no Obfervations 
made to difcover his Spots. And Sstitrm is fo 
much further removed from us, more Aan the 
other PlsnetSy that his Spots are not to be diP 
cerned : Yet it is probable that they, as well as 
the other FlanetSy huive each a Rotation round an 
Axify that all the Parts of their Surfaces maj^ 
frequently have imparted to them the Light and 
cherifliii^; Heat of the ^«r«, and may again be 
withdrawn from him, to receive fuch Changes 
as are proper and convenient for the Nature of 
each Plamt. 
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LECTURE VI. 

Of the Magnitude andOrderofthe fixed 
Stars. Of the Conftcllations, Cata- 
logues of the Stars, and the Changes 
to which they are liable. 



I H E fixed Stan appear Co be of differenc 
BignefTes, not becaufe they really are 
fo, bur becaufe they arc not all equal- 
ly diftant from us. Thofe that are near- 
eft will excel in Luftre and Bignels ; 
the more reaioce Start will give a fainter Light, and 
appear fmaller to the Eye. Hence arife the Diftri- 
buiion oi Stars, according to their Order andDig- 
ni[y> into Clajfes; the firft Oafs containing thofe Th Di- 
which are neareft to us, are called Stars of the^""^'™ 4j 
firft Magnitude; ihofe chat are next to them, ate^^"'^''^' 
Start of the fecond Magnitude : The third Clafsii?a™rwf(. 
comprehends them of the third Magnitude, and 
fo forth, 'till we come to the Stars of the fixth 
Magnitude, which comprehend the fmalleft Start 
that can be difcerned with the bare Eye. For 
all the other Starsj which are only fcen by the 
Help of a Telefcope, and which are called Telc- 
fcopical, are not reckoned among thefe fix Orders. 
Altho' the Diftiniftion of Stars into fix Degrees of 
Magnitude is commonly received by Afironomers^ 
yet we are not to judge, chat every particular 
Star is exaftly to be ranked according to a certain 
fiignets, which is one of the Six ; but rather in 
realty there are almoft as many Orders of Stars, 
as ihete are Start^ few of chem being cxaflly of 
the fame Bignefs and Luftre. And even among 
ihofc 
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f Left. VI- rhoTc Stan which are reckoned of ihe brighteft ■ 
I ^'V^U Clals> there appears a Variety of Magnitude ; for ' 
L Siriut or j^rifurui are each of them brighter than 

^Uebaran or the Biilfs Eye, or even than the 
Star in Spica i and yet all thefc Stars are reckoned 
among tlie Stars of the firft Order: And there 
are fome Stars of fuch an intermedial Order, 
that the A^nno-mers have differed in clafling of 
them ; fome putting the fame Start in one Clafir, 
others in another. For Example: The little J3og 
was by Tycho placed among the Stars of the 
fecond Magnitude, which Ftolemy reckoned 
among the Stars of the firft Clafs : And therefore 
it is not truly either of the firft or fecond Or- 
der, but ought to be ranked in a Place between 
both. 

Astronomers not only mark out the Start, 
but that ihey may better bring them into Order, 
they difttnguilh them by their Situation and PoG> 
cion in refpett to each other ; and therefore they 
7i«Ojnflel-diftributc and divide them imo Afltrifmi or Con^ei- 
'"'<*'■ Uihns, allowing feveral Start to make up one C«»- 
fitllation. A Conflellation is a Syftem of feveral 
Stars that are leen in the Heavens near to one an- 
other: And for ih« better diftinguilhing and ob- 
ferving them, they reduce the Confieilatians to the 
Forms of certain Animals, as Men-, Bulls-, and 
Bears, &c. or to the Images of fome Things 
known, as of a Crown, a Harp, a Balance, &c. 
The Ancients took thefe Figures from the Fables 
of their Religion : And the modern jifhonomerr 
do ftill retain them, that they may avoid the 
Confufion which would arife by making new 
ones, which would much perplex them, when 
they compared the modern Obfervations with the 
old ones. 
Tltir juii- The Divifion of the Stars by Images and Fi- 
r"'y- gures is of great Antiquity, and Teems to be as 
old as Aflrommy or Fhrlojipky itfelf: For in 
Ihe moll ancient Book of ^n*, Orio», ArSiurus^ 
and the Pleiades, are mentioned ; and we meet 
with the Names of many of the Conpellations in 
the 
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the Wrirings of che firft Poers, Homtr and Hefod.V.zlt. V[. 
For it was neceffary for che Advancemeni of j^jlm- tX^-sj 
nemji {o to diflinguifti the Stan, and to bring them 
into fome Order. 

Since the Diftance of the Stars is imtnenflj' ^Z"*' 
great, it is no Matter in what Place of our Sy-s,^"^pjj, 
Item the Obfcrver rctides, whether in the S«», imtumcmn 
the Earth, or even in Saturn, the ouimoft of all°.V'™"^ 
the Planets ; for Spciflators in each of ihofe ^^^c^,'o^p\^attu 
will fee the fame Face of the Heavens, the fame 
Stars, with the fame Magnitude, and the fame 
Figure of iheConftellations; and the Heavens which 
furround and involve them all, will have the fame 
Face. 

Astronomers divide che Starry FiTmamenfTbt Sigim% 
into three Regions, the Middle of which compre-"/'*' 
hends thofe Stars which have their Situation near "^""' 
the Planes of the Orbits in which ihc fhnets move ; 
this Part of Heaven they call the Zadiack, becaulc 
the Conftellations there placed, feemcd for the 
moll part to reprefent Ibme Animal or living 
Creature. In this Space the Vlan^ts are always lo 
be feen, and none of them ever cranfgrels its 
Bounds ; Upon each Side of this 2one lie the other 
two Regions of the Heavens, one of which is 
called the North-, and the other, the South Part of 
the Heavens. 

The Antients divided the vifible Firmament Tte triages 
injo XL VIII. Images, twelve of which filled the """^ *.t '*« 
Zadiack, and they give their Names to the twelve^,"''""' 
Signs, or the Portions into which it is divided. 
Their Names are the Ram, the Bull, the Twins, 
the Crab, the Lion, the Virgin, the Balance, the 
Scorpion, the Archer, the Goat, the tyater-Eearer, 
and the Fijhes. 

In the Northern Region there are XXI. Images, 
•vix.. the Lejjer Bear, the Great Bear, the Dra- 
gpn, Cepheits, Bootes, the Northern Crown, Her- 
tules, the Harp, the S-wan, Cajjiopeia, Ferjeusy An- 
dromeda, the Triangle, Auriga, Fegajus or the 
Flying-Horfe, E^uuleus, the Dolphi?!, the Arrow, 
(he Eagle, Serperitarius, and the Serpent : After- 
£ wards 
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Lefl. IV. wards ihey added to them two others, vii,. that 
i^V^of ^oiVnoM, which was nude of ihc Szars that 
arc not included within any Image, and arc 
the Eaglf : And the ConftclUrion called Bereniee't 
Hair) conHfling of Start which are near the Uox'b 
Tail. 

Upon the South Side of the ZodiMi there arc 
fifteen ^fterifmi., which were known to the An- 
tieots, fi*. ihe Whale, the Kii'f EriJanms, die 
H*r*, Orw«, the Crw/ Dog, the Lr^n- Do£, the 
Ship J^rgo, Hydrti, the Cup, the Crow, the C**- 
/a«r, the Wolf, the ,4// jr, die Sauthirn Crtvmj 
and the Southern Fi(b : To thefc arc lately added 
XII. more Cooitcllaiions, which are not to be foeij 
by us who inhabit the Northern Regions, becaufe 
of the Convexity of the Earth ; hue in the Stutium 
Parts ihey are very canl'picuous. Thefc arc the 
Fhmtix, the Crane, the Peacock, the Indian, the 
Bird of Paradife, the Southera Triavite, the Fly, 
the Chameleon, the Vlyini F//A, the Toucan or jime- 
Tiean Gcofe, Hydras or IVater Serpent, Xipbi 
the Sword Fiji}. 
5^ St»f" Without the Compafi of the Conftellations or 
^'™ Images, there are feveral Starts v, hich cannot be re- 
duced to any of the Forms cnencioned; and thefc 
are called Unformed Stars, out of which fome great 
Jiprommers have made new ConlVellationS) U 
Charles's Heart, and SobietkPi Shield. 
•rt.Milt).. Thb Galaxy, or Milky-ti'ay, is alfo to be rec- 
"'''■ koned among the Conftellations : This is a broad 

Circle of a whitifli Hue, like Millt ; in Tome 
Places it is double, but for the moft part it confifts 
of a fiogle Path, and goes round the whole Heavens. 
The great Galilent, with his Telefcope, difcovned 
that the Portion of the Heavens which this Circle 
paffes thro', was evcry-where filled with an infinite 
Miilritude of exceediri^ fmallS'/iM; which iho' ib^ 
cannot, by Reafon of their Smallnefs, he feen di- 
flinftly by the naked Eye, yet wiiii their Light tbtf 
all combine to illuftrate that Region of the Hcavenm 
where they arc, and diffiife through it a Ihiniog 
Whitencfi. 

Br 
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the Help of Images, the antient j^firimo-'Le&. VI- 
iKers have been able to diftinguifli and mark outwy-sj 
the Stars of the Firmament, and wirh great 
Care and Induftry they have digefted them in- 
to Catalogues, which they have delivered dowti 
■IP Poilerity. Thefe Catalogues have been much 
iscreafed and corrected by our modern Aflrona- 
mers., and now they not only comprehend the 
Stars vifible by the naked Eye, but alfo many 
that are not to be oljferved or feen without a 
TeleTcope. 

F!iFPAR.tMUS the Rbodian about rao Years Hippjrchm 
b<-.ore the Birth of Chrifl, was the Firit among/'/ w"^- 
thc Greeks who reduced the Stars into a Cata--^"' ' '''",' 
b^ue. Daritig, according to Flinj, to undtrtake^^'f 
M Tiiag, vibich feemed to furpafs the Fmuer of 
s T^ivinity, that is, to number the Stars for Po- 
fteritf, and to reduce th-m to Rule ; having con- 
trived Inftrtimtnts hy -which he marked the Plact 
gmd Magnitude of each Star. So that by this Means 
•ux tan eaply dijcover, mt only vihetber any of the 
Slgrs ftrilhi and others grow up ; but alfo ■whether 
they move-, and -xhtit Js their Courfe, and alfo if 
they groiu bigger, or vjax lefi; by -which Means he 
has given to Vofierity the Vo^e^n of the Heavens, 
if any of them have Subtilty enough to comftehtnd 
them. 

HiPPARCHUs from his own proper Obferva- 
tions, and thofe of the anrient jifironamers who 
lived betbre him, inferred into his Catalogue 
1012 Stars, and annexed ro each of them tlieir 
piTOper Lot^irude and Latitude, which they had 
at that Time. Ttolemy inlarged Hipparchus's 
Catak^ue only with four Stars, nmnberiog 
loafi. And after Ptolemy, Ulvg Beighi, the Grand- Ulug Bdehi 
fon of the great Tamerlam, obferved again the ""''''' I™' 
Stars, and reduced 1017 of tbem into a Cata- ^""^"' 
loeue. In the iiSth Century, and that which 
followed, Afirommy was courted by many Ad- 
mirers and Suiters ; among whom we may chief- 
ly reckon Reghmontanus and Copernicus. But 
the noble Danifi Afironomer Tycho Brahe, in a-f^/h™'* 
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Left. VI. doming and perfeifling this Science, did ftr | 
\^'\s^ furpars the Labours of all thic went before him J' 
who procured very large and cxquilltely well con- 
trived Io£lrumcncs for obfcrving the Heavens;' 
and particularly he determined me Places of 777*1 
jixed Stan, and reduced them into a Catalogue,*] 
their Places being all calculated from his ovm 1 
proper Obfervations. Kepler indeed, in his Rk-] 
dolphin Tables, gives us a Catalogue of the Sttrty j 
be calb Tjcfoanick, in which he has put dovra ' ' 
1 i6j Stars ; but all of them, except the 777 ob-=. I 
Jcrvcd by Tycho, were talcen partly from Ftaletnjr, I 
and partly from other Authors. For Tyrho in hu'l 
own Catalogue fets down no Star which he hadf 
not obferved himfelf, by his own Inflrumenis,^] 
and calculated the Place from bis proper Obler-J 
vations. -A 

Thi Py>''» About the fame Time with Tycho lived WilliamM 
!/"H>:is. Prince of f/c/j-, who like wife otiferved the S^^rfr™ 
He had two Mathematk'sam toafljft him, Rotlimam~'% 
nits and Byrgiiu, with whom, by thirty Years con-' 
tinucd Labour, he computed the Places of 400 
Starsj all founded on their own Obfervations, and 
inferted them in a CitalogQC. 
Ritcioluj. The Jeluit Rieciolus loriched the Catalogue of- 
Kepler with 30c Stars, by which Means their Num—" 
bcr was increafed to 1468 ; but this Cataltwue w 
not founded on his own Obfervations i for Be, a: 
his Companion Grimaldi, did not take the Places'] 
of above loi Stars with their own Inftruments ; '■] 
and he took all the reft from Tycho, Kepler, and I 
other Authors; But it is furprifing, tihuRieciolut \ 
fliould infert in his Catalogue leveral Stars, which ] 
were plainly vifihle in Tycho's Time, and duly ob-' ] 
ferved by him, but which in 'RiccialPs Days had va- j 
nilhed, and were not to be fecn ; and yet they are \ 
preferved in his Catalogue, as if he himfelf had 1 
then obferved them. ■ - 

Bartschius, in his Book abour the four \ 
Foot-Giobe pubiillied at Strashurgh in 163;, 
4rt, tells us, That Bayervs had delcribed in hit I 
Vrammetriaj the Places of 1725 Stars, and he. 1 
alfb;T 
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alfoboafts, that he himrdf had pabfed in his Globe Left. VI; 
1 762 Stars i but he does noc cell us by whom, or v^v^ 
in what Year they were obferved. 

The Stars near the j^ntaTil'uk Fo!e, not to be 
fecn in our Climate, were firft accurately obfeivcd 
by my Collegue Dr. Edmund Halky ; who being ani- -D--. Hjiity 
mated with a great Love of this Siderial Science,-^?^^"^^^ 
undertook a long, and no lers dangerous Voyage tosouthtrn 
the liland of St. Hshitj, that he might there takcSuis. 
the Poficion of the Stars which are within the An- 
tarliUk Circle; and he publilhed a Catale^uc of 
375 of them, whofe Places he adapted to the End 
of the Year 1677. 

The illuf;rioiis John Hevelias of Dantzi);, a Hcvdius. 
Man of prodigious Induftry, and unwearied Dili- 
gence, being well furnidied with very exaft Inllru- 
mcnts, and with all the Tools that are proper for 
an AfiTonawer-, did again alTault the Stan with his 
Inftruments, and computed the Places of 1555 of 
them from his own proper Obfervationsi and fo he 
compofed a new Catalogue, which contained 
i883, -air,. 950 known to the Antients, and 
which were to be fcen at Dantzig ; 603 new ones, 
which no one before had ever rightly obferved; 
and CO them he joined 555 others round the A«- 
tarilick Pole, taken out of Dr. Hallefs Cata- 
logue, which lie always hid under the Horizon of 
Uantzi^, 

But the largeft and moft complete Catalogue 3fr. Flam- 
of the Start * is /hortly to be expefted from the ^"^ *f 
Labours of that moll: excellent Obferver Mr. Jehn'^'i' '^-^^ 
Flamfieed, late Royal Profciror of Afironamy at and mift m- 
Green-wich ; the Number of Stars inferted in thisoJ? Cju- 
Catalogue reach to 3000. And as HfTc//«f dou-''^""'' 
bled by his Obfervations the Number of Stars 
obferved by T^r^ho .- So our BritiPj A^ronomer has 
as far out-done Hevelius, having by his Obferva- 
tions doubled the Stars that were obferved by htm : 
We are To much indebted to this Aftronomer for 
the Increafe of the Knowledge we have of the Cele- 
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I^fl VI /"a/ nodifiy ihat there ir not the Icaft Star in the 
V^^^ H-.-avcm to be feen, whofe Place and Situation is noc 
Iwitcr known, than the Pofition of many Cilies 
th'o' which Ttavellers do daily pafs. Nor is it any 
Wonder, ihar the /Ijfrommtrt ftould take fo much 
Piiru, and fo obflinatcly watch the fixed Starf, lo 
determine their Place* j, for without the cxafl ienling 
of their Pofition* *nd Pisces, ihcy could never have 
found out the Ways of the Flanen, nor have de- 
ftrjhcd their Orhits ; For it is upon the Obfervations 
of the fixfJ Staff, as upon immoveable Pillars, that 
the whole Science of Agronomy is ercded, and by 
th«m it is lijftaincd. 
n* MiNbr Or the 3000 Start Inferted in Mr- Vlamfleei't 
*^'"'""* Catalogue, iherc are many that cannot be feen 
without II Tcleltoiw; fo that it is feldotn thit evea 
t very good Eye can reckon more than 100 toge- 
ther m the Heavens : This will certainly furprize 
■ great many Pcrfons ; for in the Winter, in a 
clear Night, without Moan-fiine, at firft Sight ihCT 
ftcm to be innumerable. But this Apfwaraoce is 
only a Dccepiinn of our Siehr, arifine from their 
vehement and (Vrong Twinkling, or Scintillation, 
while wc look upon them confufedly, and with- 
out reducing them to any Order ; but he who will 
diftinilly view them, will find not one bur what 
■re obfcrvcd by the Afironomert, and inferted in 
their Cttialeigucs ; And if any one will take a Globe 
of the larger Size, and compare it with the Hea- 
vens; he will rarely find any Star In the Heavens, 
that is not marked upon the Surface of that 
Globe. 

lit the mean Time I mud acknowledge, that the 
Number of the Start is really vaftly great, and 
timolt infinite ; fiar whoever will view the Stars 
with a good Telefcope, will find every-where a pro- 
digious Number of them altogether indifcemable 
by the nak^J '^yc, eipecialiy in the MUkj-iuMy j 
where they are fo thick, that tho' they cannot be 
feen feparatcly, yet they give that Region of the 
Heavens, where they are placed, a Luftre above alt 
the reft. 

The 
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rTHE femous Dr. Hooi, Profeffor of Geometry in LeQ. VI. 
Grtjbim-Colkgt-, direding his twelve-foot Telefcope '^.^V^^ 
to die Vleiadts or the feven ^ffl«, [hough there are ^V Su" 
row on!y fix to be fcen with the naked Eye, did '"^^^' 
in that fmall Compafe count 78 Sttrrs ; and making mW £jt, 
ufc of longer and more perfect Telclcopes, he 
difcovered a greac many more of very diferen: 
M^nicudes: See his Micrography^ pag. 241. ^1- 
tonius Maria de Reita, in his Book which he calls 
Radius Sidertimiyfiiciis, pag- 197) affirms, that he 
has numbered in the (ingle c5onftcllation of Orion 
2000 Stars. 

From what we have faid, in the preceding 7S( Mirtn- 
Leflurc, it plainly appears, how falfe and ill. ?/"'*'»"- 
founded were the Notions of the antient P*''<'-^,*ii"™j 
fophers, who having too favourable an Opinion oicttmgitUt. 
the Heavenly Regions, granted them fome Privi- 
leges without any reafonable Ground : For they 
affirmed, that the Heavens vrere incapaWe of any 
Change, that the Celeftial Matter was of a diffe- 
rent Kind from any we have in our Earth, and 
that its Firmnefs did ht exceed that of the moft du- 
rable Diamond; for that is ftil! corruptible, and 
may be changed into other Sorts of Matter, and 
undergo feveral Tranfmutations : But the Form 
of the Heavenly Matter, according to them, is 
permanent and eternal. We have fen in the Sun 
snd Planets, that there arc frequently new Bodies 
produced and generated i others again are corrupt- 
ed and perifti, and the Faces of the Planets un- 
dergo many Changes. Thofe Alterations are not 
peculiar to our Earth, or our Planetary Syflem ; 
the Principle of Generation and Corruption is 
much further difiuTed, it reaches even the moft 
distant fixed Stars, and all the Bodies of the Uni- 
verfe are under its Dominion ; there is nothing 
but our Mind, and our Spiritual Part, that are 
exempted from its Jurifdiftion : For the Heavenly 
Bodies, as well as the Terrcftrial, arc changeable 
and perifh. Several Start which were obferved 
by the Antients, are now no more to be ten, but 
II arc deAroyed, and wc have known fome new ones 
— E 4. come 
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Left- Vl-Comc in the Heavens unknown to them ; which 
^..^V^^ I'l^ewife in due Time will vanifti, and difappear. 
Semi San There are alfo fome Scan which for a Time are 
tt°'A " d cttinguillied, and become invirihle, hur afcer a ccr- 
agmil^". tain Period they re-afTume their former Luftrc. 
far. Of thefe Stars, the molt remarkable is that which 

is in the Neck of the IVhale, which for eight or 
nine Months of the Year withdraws iifelf from our 
Sight, and for the other three or four Months is 
conftantly changing its Luftre and Bignefs. It ia 
probable, that the greatcft Part of the Surface of 
this SfaT is covered with Spots and dark Bodies'} 
fbmc Part thereof remaining lucid ^ and while it 
turns about its ^x«, does fomciimes fhew its 
bright Part, fometinies it turns its dark Side to 
But the very Spots themfclves of this Star 
liable to Changes ; for it does not every Year ap- 
pear with the fame Luftre ; fometimes it refembles 
a Star of the fecond Magnitude, in other Years it 
can fcarcely be reckoned among Start of the third 
Order: Nor are the Times of its viliting us, always 
of the fame Duration ; for in fome Years after three 
Months it take its Leave of us; in others we enjoy 
its Light for the Space of four Months ■, nor does its 
Increafe or Decreafe always anfwer the Difference 
of Times. 

Moreover we are affured from the Obferva- 
tions of ^firoriomerr, that fome Stars have been 
obferved which never were before, and for a cer- 
tain Time they have diftinguiihed them by their 
Hitv^OK. fuper I alive Lu fire ; but afterwards decreafmg, they 
by Degrees vanifhed, and were no more to be feen. 
One of thefe Start being firft fecn and obferved by 
Hiffarchus, the chief of the AfiroTiBmen of the 
Antients, fet him upon compofmg a Catalogue of 
the fixed Stars-, that Pofterity might by it learn 
whether any of the Stars perifli, and others are 
produced afreih. 

After feveral A^es, another new Star ap- 
peared to Tyc-ha, and the ^flTonomers that were 
contemporary with him ,■ which juft like the 
pew Star in Hipfarehut's Time, induced him like- 
wife 
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Vife to make a new Ci[al(^ue of the fxeJ Start. LeS, VI. 
This Sier made its Appearance in ihe Conftelti- V^v^ 

Caljiofcia, and was firft obferved about the 
Middle of November, l^yij and never changed 
its Place all the Time it was vifiblc, which was 
for the Space of fixreen Months; but yet by De- 
grees it dicninillied, and at lafl became invi- 
Sblc. Its Magnitude exceeded that of Sirius or 
l^yra, which are the brightefl of the fixed Siart, 
and even vied with Ken»f when fhe is neareft to 
us ; So that fometimes it could be fecn in fair 
Day-light, or Sun-ihine; but at laft it continually 
loft fomeihing of its Splendor) 'till it quite diCip- 
peatedj and it has never been fecn lince. Leovi- 
cius-, from the Hiftories of thofe Times, tells us, 
that in the Time of the Emperor Otha, about the 
Year 94.5, a new Star appeared in Coffio^ia., 
juit fuch a one as was (ecn in his Time in the 
Year 1572. And he brings us another antient 
Obiervation, that there was Hkewife feen in the 
Narthern Region of the Heavens, near the Con- 
fteUation CAJfiapfin, in the Year 126+, an emi- 
nently bright Star, which kept iifeif in the fame 
Place, and had no proper Motion. It is probable, 
that ihefe two Stars might liave been the fame 
with that which was feen by T^cba, and that in 
about 150 Years the fame Star may again make its 
Appearance. 

In the Year ii5oo and the following, Kepler 
obferved another new Star in tlie SiL'ans Bread:, 
which remained vifjble for many Years; and in 
Hevelius's Time looked like a Star of the third 
Magnitude; but at laft became invifihle from the 
Year 1660 till the Year 1666-, when it was again 
obferved by Heveliui as a Star of the fixrh Mag- 
nitude juft in the fame Place as it was ac firft ob- 
ferved in ; where it now appears. 

We are affured by the Catalt^es of the fixed 
Start, that many Stars have been obferved by 
the Ancients, and Tome even by Tycba, which 
«re now become invilible, and particularly in the 
Pleiadet or JuveM Stars j there were formerly count- 
ed 
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\jef\. VI ed fevcn, but now wc can reckon but fix ; and fi> 
vis in Oviifs Time, who in his third Book of 
the Vefih ha« this Verfc ; 

flKit Jfftem dici^ f*x tamen efft film. 

ThR celebrated Mr. Mantanerf, Profeflbr of 
JUaihemalickt of the Univerftry of Benotrid, in bts 
Leiter written to the Rov^l Societyj dated 
^ fril ^Oy 1670, has thefc Words: " There are 
" now wanting in the Heavetis two Start of 
" the fecofid Miif^nimdc, in the Stern of the Ship 
" jlrgo, and its Yard ; Bajiervf marked them with 
" fhc Letters ^ and y. I and others obferved 
" them in the Year 1661^, upon the Occafion of 
" the Comet that appeared that Year : When 
*' chey difappeired firll, I know not; only f am 
« fure, that m the Year i(S68, upon the loih of 
M j^frril there was not the leaft GUmpfe of them 
« to be feen ; and yet the reft about them, even 
" of the third and fourth Magnitudes, remaincti 
" the fame. I have obferved many more Changes 
" amorg ihz fixed St an, even to the Number of a 
" Hundred, though none of them are fb great as 
* thofe 1 have (hewed." 

h" is no ways improbable, that thefc Stars loft 
their Brighmeis by a prodigious Number of Spots, 
which inti rely cover'd) and, asitwere, overwhelm'd 
them. In what difmal Condition muft their Pla- 
vttt remain, who have nothing but the dim and 
■ twinkling Rays of the fixed Stars to enlighten 
ihcm? 
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LECTURE VI!. 

Of the Motion of the Earth round the 
Sun, and alfo about her own Axis ; 
whereby the Apparent Motion of the 
Sun and Heavens are explai7ied. 

Saving taken a curibry View of tlie Uni- 
T verfe, and explained ihofe Things which 
J we have difcovered concerning ihc fixed 
J Starsy we will now come to conlider 
more accurately our own fojar Syftem ; 
for our Afirowmy \3 chiefly concerned about the 
Motions of the Bodies that are contained in ic, and 
about the Appearances or Pha?iotnena that arife 
froai ihofe Motions. 

And, firft, it is rcafonable that we (hould b^in iFi an 
from the Motion of the %arth^ which is our own*'!?"' '"'' 
Scat and Habitation, that is, from our own Morion ^^f,l''^'°', 
fince we are to be the Speflators of all the Appear- 
ances which are here to be explained, and parricu- 
larly, becaufe from our Motion arifes the apparent 
Motion of the 5«ff, which if not firft known, ihs 
Appearances and Motions of the Plane/t can nei- 
dicr be explained nor computed. 

We have in the preceding Leftures demon- 
ftratcd, that the S«k, which is by far the biggeft 
and moft noble Body of the Univerfe, does pof- 
fcfs himfelf of the Center, from whence he every 75* Sun 
Way diffufeth upon all the Tlaneu his cniiven-'*' '^™"- 
ing Beams and Warmth ; and that they, as it"' ^^'fi""' 
were, dance round him at difFerent Diftanrcs 
and Periods. The Earth which we inhabit is to 
be recltoned as one of them, who goes round thc7S< Eatr 
Su9 in the Space of a Yeari and at the fame'"''" "" 
time ^'"'' 
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Lefture time turns round her own Axis every twenty-four 
Vlf. Hours. Now, fince the Diftance of the /fxMf 

^/V*V^ •^^'^''^ is immenfely great, in Comparifon ot the 
Diftance of the Earth from the Sun^ the Starry 
Firmament will have the fame Face, and there 

*rhe fame will be the fame Situation, Order, and Magni- 

Order and tudc of the Stars^ whether they be viewed from 

^^sms t ^^^ ^"^^ ^^ ^^^^ ^^^ ^^^^^ ' ^^^ ^^"^^ ^' diftant 
\een frlm Bodies appear as if they were in the Heavens, a 

the Sun ii»</.Sped:ator in the Sun will obferve the Earth to de- 

^E*^^' fcribc a Circle in the Starry Firmament s and bccaufe 

the Plane of the Earth's Orbit paflei thro' the Suny 

the Circle which the Earth defcribes, will appear to 

be a great Circle in the Heavens. 

rhe Mcticn I.ET S reprcfcnt the 5i/w, A BCD the Orbk 

tftbe Earth of the Earth-, in which the Earth is carried from 

1^1"^"** '^'' ^hc ircfi to the Eafi in the Compafs of a Year, 

Plate III. A Spectator in S looking upon the Earth at A> 

fig. I, will refer it to the Star Yj as if it were in the fame 

Point of Space with that Star : But when the 

Earth is brought to B, the Speculator in S will fee 

the Earth in the Heavens juft by the Star ^ j 

when the E^rth is gone forward to C, it will be 

feen from the Stm in t:^: , and when it is come to 

D, it will appear in >CP ; and when it is returned 

to A, having finiflied its Period, it will be feca 

again in T- 

Hknce, if the Plane of the Earth's Orbit be 
imagined extended to the Heaven-', as far as the 
fixed Starsy it will cut the ftarry Firmament, or 
ti\e concave fpherical Surface, in which all the 
Stars appear, in that very Circle in which a Spc- 
ftator in the Sun would fee the Earth to revolve 
The Eclip- every Year : This Circle is called the EcUfi^ 

i>'^ Tt ''* ^'^^'' ^"^ divided by the Aftronomers into twelve 
i«T"fjPtfr"i equal Parts, which are called Signs; each erf 
vr Si^u them takes its Name from that ConftellatioD, 
which, at the Time the Names were impofed, was 
fituated near the Portion of the EcUptick it de- 
nominates. Thefe Signs or Portions are the Ram 
Y> the Bull y, the Twins H, the Crab S, the 
hpn 4V, the Virgin HJ, the Balance c^^ the^cor- 
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^» 1TI> the ^nhtr t- the Goat Yf, [he Water- 
Bearer =», and the Tijhes K- 
'.Lx.r us now bring our Spctftator from thi? - 
Mm to the Earth, and let him be carried by it ^^*^ -^,•- 
jDund the Sun, and lee us imagine thit the,^,;^^^^ 
Wkarth is in C : A Speftator fees the fame Face/f.™ yvj* i*« 
fjbf the Heavens, and the very fame Conftelk- ^"'^- 
Itions, as we have faid he did hefore, while he 
l*ss in theS«n; the only Difference will be, 
^ffaat, as before he imagined the EdTih in the 
Heavens, and the Sun in the Center, he will 
now fuppofe the San to be in the Heavens, and 
himfelf with the Earth in the Ccncer, ir be- 
ing really the Center of his own View. Ther&- 
fbre the Earth being in C, the Speittator will 
fee the Sun at the Star Y i and the SpsiSator 
being carried along with the Earth, and parti- 
cipating of the annual Motioo, which is com- 
mon to them both, he will obferve all the Parts 
of the Earth, and all the Bodies fixed on its 
Surface, to keep the fame Pofition in regard to 
one another, and to his own Eye, and always to 
remain at the fame Diflance from hiro ; and there- 
fore he cannot by his Eye, perceive either his own 
Motion, or that of the Earth. But looking to 
the Sun, and obferving him, when the Earth comes 
to D, he will Tee the Sun at the Star Si and will 
perceive that he has changed his Place among the 
Stars, and has moved from V, by \S, n, to ffi : 
And while the Earth goes on in its Progrelj, 
and goes to A, the Sun wi\ be feen from thence 
to have moved through the Signs ffi. Si-, and fK '■ 
And ^ain, while the Earth defcribes the Semi- 
circle ABC, the Sun will appear to have moved, 
in the concave Surface of the Heavens, through 
the iix Signs £i, m., ■?, VP, «, K. And there- 
fore an Inhabitant of the Earth obferves the Sun, 
which is really immoveable, to go through the 
feme Circle in the Heavens, and in the lame 
..Space of Time, that a Speftator in the Sun, would 
(fee the Earth defcribe. 

Hence 
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Leflure Henck arifes the apparent Motion of the Sutt^ 
VII. by which ic is obfervecl to creep every Day by Ut- 
\^>^-j tie and little towards the Eafitrit Start ; fo that if 
any Star near the Ecliptick does at any Time life 
with the Suii, al'rcr Ibme few Days the Suw «t11 be 
got piore to [he Eafi of the Star, and the St^r will 
rife before the5«n,and will likewifcret before him. 
So likewil'e a Star which is Eaft-warJ of the Smiy aod 
is feen afcer the^fw feis, at a confiderable DifbtDce 
from hiiD) in the Space of fome few Days will (a 
with the SuU) and will no raote be leen after ibe 
Smu goes down. This Motion of the Saw, ^tcb it 
contrary to the apparent diurnal RevoliiioQ ot 
the Heavens from Eafi lo Ifefi, was elleaned to 
be real by the Followers of Ptolemy, who main- 
tained, ihatthe Sim and all the Start had two Mo- 
tions} contrary to one another, the one common 
with the Heavens fromEa/ lolVefi, in the Space of 
24. Hours; the other proper, and peculiar to each, 
and was from the Wefi to the Eafi ; which Coutfe 
the Sun finiihed in the Space of a Year. But we 
have fhewed, that there is no fuch real Motion in, 
the Sun^ and that it is only apparent, arilitig iconic, 
the Motion of the Earth. « 

Ttt5<iniv!ri The Inhabitant of all the other Flaneti will 
iflw/is«>t6 obferve juft fuch Motions in the Sun, and for 
^T'l'i 11^*^^ ^^^y ^""'^ Reafbns that we do in our Earth: 
^fiZrJ And the Sb» will be feen from every Flanel, to 
fi-am orbir defcribe the iatne Circle, and in the lame Space 
Plineis. gf Time that a Spedtator in the Sun would ob- 
ferve the flavet to do. For Example: An In- 
habitant of fufiter would think that the Su» tnrix 
round him, and would iec him defcribe a Gr- 
cle in the Heavens in the Spice of twelve Years; 
that Circle would not be the fame with our 
Ecliptick, and the Motion of the iaa would not 
be thro' the fame Stars, which he appears to us 
to paG by. And upon the fame Account the Sutt 
feen from Saturn will appear to move in another 
Circle, diftinft from either of the former, and 
will not feem to finilh his Period in lefs Time 
than 
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than 50 Years. Since therefore ic is impofSMc Lefture 
Thar che Sirn Can have ail thefe Motions really VII. 
m itfelf, and there can be no Reafon fliewn, why w'"Vsrf 
any one of them ihould belong really 10 the Sun 
more than the reflj we may lafely aifirm that there 
are none of them real, but that they are ail appi- 
renr, and arife from the Motions of die refpedtivc 
Fhmts. 

Besides this annual Circularion of the Earth,l}' Cj**- 
il has »llb a vertiginous Motion round i[S Axisy'^^'f '" . 
from the W'^ to the Ed/?, in twenty-four Hours : «, aiU. 
The two Poinu in which the Axis meets with 
the Surface of the Earth, are called the Po/w of the thi P»)a. 
Earth ; and if this jixis be indefinitely produced to 
the Heavens both Ways, it will mark in the Hea- 
vens two Points, which are called the Pw/« of 
the Heavens : Every Point on the Surface of the 
Earth, except the Po/es, will defcribc the Cir- 
cumference of a Circle bigger or iefs, accord- 
ing as it is further diflant or nearer [o one of 
the Feks.^ The Poles are the only two Pointi 
which have no Vcrticiiy : This plainly follows 
for the Nature of a vertiginous Motion. Any 
Place on the Surface of the Earth, which is 
equally diftaiit from both the Poles, defcribes b^ 
its Rotation a great Circle, which is called the 
j^^kator of the Earth, or the jE^uinottial Circle ;lli JE^k- 
and the reft defcribed by Points nearer to one of "".•J^ ^" 
the Po/es, are leOer Circles, and are called Pd-T^F^^- 
rallels. /r/i. 

If we imagine a Plane to pi6 over that Point 
of the Earth's Surface on which the Speiftator 
flanJs, and to touch the Globe of the Ear/e there j 
this Plane, extended as tar as the Heavens, wiH 
divide the Heavens into two Parts, and its Se- 
dion with the Heavens will make a Circle;, 
which is called the Horizon:, and it will feparateTiiHori. 
or diitinguiih the vifible and open Part of thei""' 
Hctvern, from that which is invifibic, and which p|'"j "'' 
the Opakenefs and Convexity of the Earth hides '^' 
from us. This Horizon which we have defcribed rit Sapli 
u properly the Senfible Horizsn: The Rational"'"'?''"""''' 
Horizon '""''°' 
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Lefture Heriifn being a diftindt Circle which pafTcs thro' die 
VII, Center of the 'Earth, and is parallel to the S«i- 
w«y->^ (ible which touches the Surface. Bur thefe rwo 
Circles, tho' ihcy are diftant from one another 
by the Semidiametcr of the Earth, yet in thcHea- | 
vens they may be reckoned as coinciding; for that 
Setnidiatneicr is but a Point, in Companion of the 
Diltance of the Heavens. 
TltKnaiim Since the Earth turns round its Axis, the Spe- 
or'*'Einh(;iatorj ftanding on its Surface, tnuft hkcwife turn 
^"^;J,,^" round with it the fame Way, that is, towards the 
W.riin "f^'fi ■ And therefore all the Bodies in the Hea- 
'***««•' vens, which are placed in the Ea^, and were 
fa"l.'*' ""^ '° ^* feen by Rcafon the Plane of [hcHw/- 
xon was above them, will become vilible, when 
by the Rotation this Plane CublideS] and comes 
under them. So likewife the oppolite Part of this 
Pkne towards the W?fi, rifinE; above the Stars, 
will hide them from the Sight of the Spefta- 
lor, and all the Siart in the iVefi will become in- 
vihble. Hence it is, the stars of the Eafirm Side 
of the HerizBit will appear to rife above the Ho- 
rizon, becaufe the Horizox defcends below them ; 
and the Stars on the VP'ejhrn Side wiil appear to 
fet, or go below the Huri^oH, becaufe the Horizon 
does really get above them. Hence arifes that 
apparent Motion of all the Bodies of the Un[- 
vcrfe that do not adhere to the Earthy where-, 
with the whole ftarry Firmament, and eveiy 
Point of the Heavens feem to revolve about the 
Earth from Baft to i^ffii every Point ddcribiiig 
a greater or ierter Circle, as it is mote Tcmot^ 
or nearer to one of the CeleftiaJ Poks : And Chefe 
Ccleftial Poks which are made by the Produ^oH 
of the Earth's Axis to the Heavens, are the only 
Points in the Heavens, which appear to be im- 
moveable. 

Altho' every Place on the Surface of the 
teiraqueous Globe, is illullrated by ail the Stars 
which are above the Harixon of that Place, or 
rather when the Harizaa is under the Start i 
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ind the Refledion of its Light by the Acmofphere Lefture 

■ ib ftrong, that the Sun, when he is above the Ho- VII. 
rii:.o», does with his Prefencc quite extingitifii ihe •■-v^s^ 
faint Lighr of the fixrd Starf) and produces Day : ^*"'"f 

■ When iTie 5(.« withdraws himrdf, and goes below "J' ''if*'- 
Our Horizott, or, more properly) when our Horiz.»n 

gets above the Sun, he then gives Leave to the jv;>i " 
Stars to (hine and appear, at which Time it is 
Night. Now fince the Earth is ati opake fpheri- 
cal Body, at a great Diitance from the Sun, one 
Half of it will always be illuminated by the Sun, 
while the other Half remains in Darkneft : And ihe 
Circle which diftinguiflies the illuminated Face oiTUdrck 
the Earth from the dark Side, is called the Circle ^'"f'^, 
of the Interfedion of Light and Shadow ; a Line of,^?^. 
drawn from the Center of the Sun, to the Center 
of the Earth, is always perpendicular to the Plane 
of this Circle. 

If the j^xis of the Earth had been placed in t 
Pofition perpendicular to the Plane of the Eclip- 
tick, then in that Cafe the Plane of the Earth's 
Equator had coincided with the Plane of the 
Ecliptick, or the Plane of the Earth's Orbit; and 
the Circle bounding Light and Darknefs, would 
have always pafTed thro' the Poks of the Earth, 
and cut the jEquator and all its Parallels into equal 
Portions : And therefore, in that Cafe, the San and 
all the Stars would have remained as long above 
ihe Horizon, as they would have lain hid under it, 
and the Days would have been conftantly equal to 
the Nights. But now as the Cafe is, the Axis of'^Aiii 
the Earth is not perpendicular to the Plane of the 'f ''" ^"^ 
Ecliptick, but is inclined to that Plane, and makes ^^'j^^ 
with it an Angle of 6&i Degrees; and therefore "'^tfiM 
the Plane of the Earth's j^^uator cannot coincide'/ J*' ^''tf" 
with the Plane of the Ecliptick, but thefe two'" ' 
Planes make with one another an Angle of 23^ 
Degrees, 

fv the Plane of the Earth's vEquator be ima- lie Mj„i. 
gined to be produced as far as the fxed start,'^"''/'^ 
it will there make a Circle which is called the "^""' 
Celeftial iEquinoitial ; which is exactly over the 
F Terre- 
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Loaure Terr;ftrial vEquinodial : This Circle (rakes with 
the Ediptick in the Heavens, an Angle tikcwife of 
'■~i Degrees. 

The F.erih in its Revolution round the Smi 
docs in fuch a Manner proceed in its Orbit, that 
' it keeps its Axis parallel to itfelf ; that is, if i 
Lme be drawn parallel to ihe Axis while it is 
in any one Polkion, ihe Axis in all other Pofi- 
lions or Parts of the Orbit will always be paraUei 
lo that lame Line, and it will never char^ its 
Direction, but always look towards the &a)e 
Point of the Heavens ; And this will neceffarily 
be, if the Earth have no other Motion but that 
round the Suji, and the other round its own Axh. 
For fuppofe any Body, whole Center is carried in 
the Line A B, and in A we fhould mark any 
Diameier C D, which is inclined in any Angle to 
the Line A B i if this Body have no other but a 
progrefTive Motion in the Line A B, when it 
comes to the Point B, the Diameter CD will be 
in the Situation c d, and its Potition will be 
parallel to the former Pofition C D : Now if 
[here rtiould ^g imprcfled upon this Body a Rt>. 
laiion round C D as an Axis-, all the Diameters 
of the Body will conftantly change their PoGcion 
by this Rotation, except the Axis-, which will re- 
main in its former State : The Points in the Axis 
being ilie only Points in the Body which have no 
Rotation- But this ^xis, as was (hewed, did be- 
fore the Rotation always preferve a Pofition pa- 
rallel to itfelf ; therefore after the Rotation is im- 
prefTed upon the Body, the Axis will ftill keep 
parallel to itfelf.- 

HtNCE it is evident, that there is no need of 
a third Motion for the Earth, as fome have ima- 
gined it muft have, to make it keep its Axis pa- 
rallel to itfelf : For lo this Effeti there is no- 
thing more required, than that it (hould have only 
the former two, with which alone it will neceCTa- 
rily keep its Axis parallel to itfelf. 

SmcF. 
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Since the Plane of the Equator does notLeflure 
coincide with the Plane oF the Ecliptick, thcfe VII. 
two Planes muft cut one another in a right Line; ^"V^ 
and while the Earth turns round the i'oB, the 
common Seftion of thefe two Planes will likcwife 
always remain parallel to itfclf, for the fame 
Reafon, as we fliewed in the Pofition of the Earth's 
Axi% : And therefore this Scdtion or Line, in which 
the Planes cut one another, will always be direft- 
ed cowards two oppoiite Poinrs of the Ecliptick, 
and will always look to the fame Points of the 
Univerfe. 

A great Circle in the Heavens paffing thro' the Th, vEqui- 
two Cclcftial Pah-, and the common Seftion of "'>*''"' ^'^ 
the j^quator and the Ecliptick, is called the E?"'-Xjf4e 
nodial Coture : Another Circiej cutting the former Soiftitiai 
in the Po/w at right Angles, is called the Soiftitiai C<'^^''- 
Colure, which palTes rhro' the Points where the 
j^quator and Ecliptick are at the greateft Diftance 
from one another, and cuts likewife both thefe 
Circles at right Angles ; and therefore does likewife 
pals thro' the Foks of the Ecliptick, or that Point 
which is every-where equally diftant from the 
Ecliptick. The four Points in which thefc two 
Colures intetfeift the Ecliptick, are called the four 
Cardinal Vnifits ; becaufe when the Sun is feen in Tfc Car^i* 
them, he determines the four Seafons of the Year. ""' '"''«»■ 
The two Inrerfedions of the EquinolHal Colure 
with the Ecliptick, are called the Eiuinoltial Foists; 
the other two, being the Interfeflions of the Soiftitiai 
Colure with the Ecliptick, are called the Soiftitiai 
Points. 

Suppose now the Eye of a Spedtaior topiatein. 
look from afar, obliquely upon the Orbit of theF'e- 4- 
Earth i it will then appear, or have a Reprerenta- 
tion of an Oval Figure, according to the Rules of 
Perfpedivei and in the middle of this Oval the 
Sua will keep. Thro' the Cenrerof the SiinS, draw 
the right Line T S a parallel to the common Sec- 
tion of the j^quator and the Ecliptick, which 
will meet with the Ecliptick in two Points T, ^ ■ 
And when the Earth feen from the Sh» is in either 
Fa of 
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Leifhire defcribcd : Thefc iwo Circles are called the Pclmff 
VII. Circlet; [his is called the -tffi^iV* Po/<ir, the other 
0»»^,'V^lhe Anturilitk. And while the Earth is in P, ■!( 
that Tr^di of it which is included within the PoUr 
Circle K L, continues in the Light, notwithfland- 
ing the conllant Revolution round the Axit j 
and the Inhifaitancs there enjoy a coirinual Day. 
On the contrary, thofc that lie within the -*«- 
•Th! Arc- tarSick Circle remain in continual Darknefi, hav- 
ikit B-rf Ing all Jsjjght without any Diy. Befides it is 
Ci'^uT I'ltewife manifell, that all the Parallels between 
the ^Equator and the ArSlick Circle, are cut by 
the Circle bounding Light and Darkndi, in»> 
unequal Portions ; the largcft Portions of thefc 
Circles remaining iri the Light, and the rmalleft 
in Darkncfi : But thofc Parallels which are to- 
wards the Aatariikk Circle, have their greareft 
Portions in Darknefs, and the leaft in the Light ; 
and the Difference of thefe Portions will be greater 
or lefs, acccJrding as the Circles arc nearer 
the PaUt or to the ^Equator. Therefore 
this Polition of the Earth, when the Sun 
feen in S, the Inhabitants of the Northern H9- 
mifihere will have their Days at the longeft, and 
their Nights the fhorteft ; and the Seafon of the 
Year wili be Summer : But in the Southern He- 
mifphere the Inhabitants will have their Nights 
longeft, and their Days Ihorteft ■■, and they will be 
in their Winter Seafon. 
tFbentht And in everv Place the Length of the loi^eft 
£v'«« Days wiil be tne greaceft, and the Nights tho 
i^n jiort-^°''^^^i according as the Place is further removed 
Q«. from the ^Equator, and comes nearer the North 

Pole. We fee likewife, that of all the Parallels, 
there is only the Equator which is cut into equal 
Parrs by the Circle bounding Light and Dark- 
neft, they being both of them great Circles : And 
therefore it is only the Inhabitants of the Earth 
that live in the Equator, that have their Days con- 
ftantly equal to their Nights, throughout the whole 
Xear. 
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Whilf the Earth goes on from VT by Ss. %, 
to Tj in which Time the S»w is ieen to pali 
thro' the Signs ffi, £1 and fff^ he will appear to^ 
■return- by lictle and little cowards the jEquator ^ 
and when the Earth is arrived at X-> the Sun will 
appear in — , where the common Scftion of the 
Aqijator and the Eclipiick always keeping parallel 
to Ttfelf, will pars ihro' the Center of the ^Tkw; 
and then the Sun will appear in the Celeftial ^ •^'*" 
jEquinoitial : At_ which Time ihe Days will again J^^t^^X' 
be equal to the t^Ji^hts, to all the Inhabitants of Earth run 
the Earthy juft after the /ame Way as it was '^'°' 
when the E^rth was in — , in that Pnficion the 
Circle bounding Light and Darknef; paffing chio' 
the Po/m. 

The Earth moving on thro' y, "iS and Hj 
the 5ffji will be fecn to go in the Ecliprick 
thro' es, ill, at"^ 7) and will appear to decline 
from the j^qiiator 'towards the South; fo thatTi,y?^- 
when the Earib is really in ffi, the Sun willf^'ancu 
appear amnng the Stars near the Conltellitinn?'^'; '^^.^ 
YP. And whereas the Ax!f BA does not chin^e cawei. 
hs Inclination, but does always retain its Pa- 
rallelifm, the Earth will have the fame Afpe'it 
and Pofition in refpeft to the Sun, that it had 
when it was in YP ; but with this Difference, 
that when the Tradl within the Fo/ar Circle 
K L was in continual Light while the Earth 
was in y ; now the Earth arriving at ffi, that 
fame Tract will be altogether in Darknels, and 
ihe Beams of the Sua cannot reach it. But the 
oppoGte Space within the Circle F G, will 
be in a continual Illumination, and at the Foh 
A there will be no Night for the Space of fix 
Months. 

Here likewife of the Parallels between the 
jEquator and ihe Nanh Pole, ihe illumina- 
ted Portions are much lefs than the Portions 
which remain in Darkncfs ; the contrary of 
which happened in rhc former Polition. So lt(te- 
wifc the Skk at Mid-day will appear vertical. 
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Lecture or direftly over Head to all the [nhabitints that 
VII. live in the Tropick M N, fo that it Will appear 
l^^i^^to have dcfccnded towards the S»utb from the 
Parallel T C to the Parallel M N, throi^h the 
Arch CQN, which \& 47 Degrees. Thctcfbr* 
the Inhabitants of all Places of the Eurth Uiat 
are beyond the Tropicks, towards either of the 
FoUf, have ihe Sun in iheir Sammet 4.7 whole 
Degrees nearer to their Vertex, or to the Point 
direflly over their Heads> tlian in the oppofite 
Time of Winter. This Change of Situation in 
refpedt to the Sun, does not arife becaiife the 
Earth is raifed or deprefTed, but on the con- 
trary, becaufe it is no-where deprefledj and no- 
where raifed ; bur with its Axu keeps the fatne 
immutable Pofuioni in refpeft of the Univcrfc, 
only going round the Sun which is placed in the 
Center of its Orbit, and the ^ixh thereof retaining 
the fame Inclinaticm to ihe Plane of the Orbit, and 
the fame Situation in refpefl: to any other fixed 
Line. 
^ "j^' All we have here faid will appear cvideot 
'ftira,!",', fo o'" Eyes, if we light a Candle in a dark 
mjF be re Room, and take a fmall Globe of two or three 
frifmitd 10 Inches Diameter, in which we muft mark the 
tbfEyi. Poles, the .^Equator, fome Parallels, and Tome 
Meridians, or Circles paiTing from Pole to Pole ; 
Then we muft fo bold this Globe before the" 
Candle, that its j^xis may not be perpendir 
cular to the Plane of ihe Table on which the 
Candle ftands ; but lee it be inclined to itj 
in an Angle nearly of 6f.i Degrees : Then place 
the Globe in fuch a Manner, that one of itt 
Falet may point diredly Nartir^aTd; and let 
the Light of the Candle firft reach from P»ft 
to Pole, that is, let the Circle bounding Light 
and Shadow firft pafs thro' the two Pol ft 
of the Globe : Then lee the Pofition of the 
Axit be well obferved, and then move the 
Globe round the Candle with your Hand, tif 
* Circle parallel to die Horizon, holding it Tq 
that 
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tilt the Axis may always point the &cneWay, and LeSure 

fctain the i^me IncHnation to the Horizon. This "" 
done, you wili fee that the Flame of the Candie w 
will in the fame Manner illuminate this Globe, as 
the Sun aflualiy does the Earth : And (he Foles of 
the Globe, its ^qiwor and Parallels, will undergo 
the fame Vicifliiudes of Light and Darknefs, which 
we have now explained. 

The like Vhanomeiia or Appearances may btThtiHiAp- 
obferved from any other P/a»e/ that turns round itsj^"^"""' 
w*xH. For Example : Japitet performs his Gyra-{,'i^ p^nct 
tion in the Space of ten Hours; and therefore nb^i twm 
Joviait, or an Inhabitant of Jufittr, will fee the™"'' '" 
whole Heavens, and even our Earth tc^ether with 
the Sun, to have a rapid Motion round his Body 
in the Space of ten Hours : But the y^xii of Jutiter 
is very nearly perpendicular to the Plane of his 
Orbit, and therefore the Circle bounding Light and 
Darkncftin_7»f;/er, does always nearly pafs through 
hisPoUtj and therefore the Days and Nights in 
that P/ii»fr are almoft conftantly equal- Hence it 
feems the Jovians enjoy an uniform temperate 
&afon, without being uneafy at the approaching 
Heats of the Summer, or the iColds of the Win- 

If through the Center of the Sun or Earth (itT^eAKU »/ 
is no matter which, for thefe two Points at the'*" ^'^''^""■ 
Diftance of the Start will be feen to coincide) 
jhere be raifed a Line which is perpendicular to 
the Plane of the Ecliptick, and this Line be pro- 
duced to the Heavens, it is called the j4xi! of the 
Ecliptick; and the two Points which this Line on 
both Sides produced, does tend to in the Heavens, 
are called the Poles of the Heavens. Now if we 
imagine great Circles to pals through thefe Fcles, 
and by every Star or Vianet, they will all be per- 
pendicular to the Plane of the Ecliptick. Thele7s,s^(„ia. 
Circles arc called Secondark! of the Ecliptick, or'-" =/ '*f 
Circles of Longitu^. And an Arch of one of thefe ^tliptitt. 
Circles intercepted between any Star and the Eclip- 'rtrLaiUudi 
pck K called the Latitude of that Star., or its Di o/uS«r, 
^ancc from the Ecliptick ; which may be either 
Nirih 
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Ledturc North or South, according as [he Star js up>on the 
VII. North or Saiith Side of the Ecliptick. So allb an 
%^^^'Si Arch of rhe Ecliptick bciwccn tne firft Point ot Tj 
or its Intetredion there with rhe jEquator, and 
ii, ta^i- the Point where theCirrhof LonEitudcpafllngthro' 
rurft 'f ' A Star, cuts thc Ecbpcick, is called the t.9ngituie 
Sof- of that Star 

After the fame Manner if there be conceived 

mnutnerable Circles to pafa through rhe two Pofri 

of the F.arih, and through each Place on its Siir- 

fticc, they will all be perpendicular to thc JEqus.- 

tor, and they are called Secondaries of the j^qui- 

tor; Bur in refpeiS- ot" the Places through which 

Tbi Mcri- ihey pafs, they are called Meridiani^ bccaufe when 

iuui. j|,g <5,,n jj j-ggj, if] j^y Place, in thc Plane of fuch 

Circle, it will be Mid-Day to the Inhabitants of 

that Place. The Arch of one of thefc Secondaries 

intercepted between any Place and thc j^quatot) 

•rttLai'i«J' is called the Latitude of the Place, ot its Diftancc 

efa Fit"', f^om the jtqiiator, which may be likewife cither 

North or Sauth : And that Arch of the ./Equator, 

that lies between the InterfeSion of thc fecondary 

parting through any Place, with the ./Equator, and 

any other fixed Point in the ^Equator, is called 

the Longitude of thai Place. 
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LECTURE VIII. 

Concerning feveral other Phxnomcnaor 
Appearances, which depend on the 
Motion of the Earth. 

p I N c E tbe ^afth turiiK fo round the 
1 5»n, that its ^xw always remains pi- 
» rallel to itfeif, it leems neceffary that 
I this Axis-, at different Seafons of the tht Atm ^ 
\ Tear, fhould point to diiFerent/^cfi/fi' E«rtli 
r Stars^ and that the Stat or Point o^'t^^, '°^ rf,y. 
theHeavens, which is direftly over the Vole of ihe/„i„, stan 
Bartb in the Summer, fliould not be (b dirediy ■" digtrmt 
over it in the Winier, but that the Axis fliould ^^"" 'V '** 
point to another Star^ whofe Diftance from the 
former fliould be equal to the whole Diameter of 
ihe Earti)'& Orbit. 

For ic: A C B D be the Orbit of the Earth, in ^!"= iv. 
whofe Center is the Sun S; A B the Diameter of *' '' 
the Orbit : When the Earth is at A, its Axis is 
diredcd to a Star E, which is direilly over the 
Fele of the Earth : Now when the Earth comes 
to tbe oppofite Point of the Orbit B, the Axis 
being in a Polition parallel to its former Pofition, 
it wul no longer point to the Star E, but to another 
Star F, which two Stars will be diftant from each 
other, the whole Length of the Diameter of the 
grcatOrbit. But the angular or obfervableDiftance 
of the Stars is the Angle E B F, which is equal 
to the Angle A E B, by the agth Prop, ift Buolc 
^ -rf Eac/id. But the Angle AEB is the Angle 
mder which the Diameter of the great Orbit, or 
PrbiE of [he Earth, is fcen from the Star E, which 
Angle 
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Leaure Angle E B F or A E B is called the Para/Ux ^ 
VIII- ike great Orbit i and if ii could be obrerved, wa 
V^^z-Nj might by it find the Diftance of the Slur Ej from 
Tht Piir.1- the Earth, in refpeit of the 5b«'s Diftance from 
'"ai O'-*"-'^^' ^^^ '" fhe Triangle E A B, we have the An- 
^ 'gle E, which is equal to the Angle EBF, which 

we fuppofe we can obfervci we have likewife the 
Angle E A B, which in the EqainoBial Fahit is al- 
ways a right Angle i and in the Solfikes it is equal 
to the InclinaciOD of the Ejrtb's Axis to the Plane 
of the Ecliptick, and is always eaual to the vifible 
Diftance of the Sun from the Pole : Hence in this 
Triangle, we have all the Angles ; we have likewife 
the Side A Bj and confeouendy, by Trigonometry^ 
we can £nd the Side A£, or EB, the Diftuice 
of the Star E from the Earth, 
•nil Parai- BuT the Truth is, that the Diftance of the Stan 
'kJ'%'!^ is fo great in refped of A Bj and the Angle EBF 
^_ ■'"'is fo very fmall, that there can be no InftrutncDls 
made nice enough to oblerve it exactly; and they 
who have taken moft Pains to find it out, could 
never obfcrve it to be fo great as one Minute : 
And fuicc in the Obfervations of fuch fmall Angles, 
Errors are fcarcely to be avoided, and fuch too as 
will in the Computation produce prodigious Dif- 
ferences in the Diftances which depend upon them j 
we cannot fafely truft fuch Obfervations : For if, 
with Mr. Ilatafieed, we ftiould fuppofe the Paral- 
lax, or the Angle EBF, to Idc 42 Secondsj and 
there bean Error committed in Obfervatbii, which 
makes the Angle 25 Seconds greater than it really 
97* D']lana\s, (and no Man can be fure that he has not com^ 
- ' 'urji mitted fuch an Error) the Diftance of the fxed 
'■ Stars, m that Cafe, will really be double of what 
our Obfervation makes it. But if the Obfervations 
happen to be lefs accurate, ib that there may be a 
Minute or more between them and the Truth, (and 
moft of our Oblervations are fuch) the Diftance 
that arifes from the Computations made upon fuch 
Obfervations, will be prodigiouQy wide of one 
an-Khcr, and all of ihem very different from the 
TruLh. 

Hitherto 
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Hitherto wc have fiipporcd the Axis of the Lefturc 
^artb to have remained in an immutable Poii- VIII. 
tion, and to have continued in an exatS Pa- ^.^v^i' 
ralleliftn, and that the Earth had only two Mo- '^^' "f 
tions, one Annual round the 5ji™, the other Di-jj^, „"^^ 
nrnal round its Axis. But the Ajtronomers, frotn/pw a, «. 
the Obfervations of many Years, have found thai "^^ pJl■^^ 
the Axif of the Earth has not exadtly kept its Pa-*''/''- 
ralleiifra, but has deviated a little from that Po- 
fition i fo that tho' the Variation in the Space of 
two or three Years be fcarceiy fenfible, yet in ma- 
ny Yearsj or in a Century or two, ic is very ob- 
fervable : And therefore, while we were explaining 
the Appearances of one Year, we fpoke nothing 
of this Aherretion ; for that could no ways difturb 
the Phitnemena that were then to be explainedj 
yet in the Coropais of feveral Years, this Muta- 
tion or Change of the Pofition of the Earth's Axis 
becomes very remarkable. So the Direflion of 
the Axis has been TenGbly changed, tho' its In- 
clination to the Plane of the Ecliptick has remained 
the fame \ and from hence we find, that the Axis 
of the Earth has another Motion, which is here co 
be explained. 

»Let the Line DCH reprefent a Portion of the^l'"'^- 
Earth's Orbit, and let the Center of the Earth be '^' *' 
C ; from which ereifl C E perpendicular to the 
Plane of the Ecliprick, meeci^ with the con- 
Cave Surface of the Heavens in E: This Line CS.iu Axa a/ 
will be the Axis of the Ecliptick, and E the Fe/e'^'E^''^''*' 
of it. Let C P be the Axis of the Earth pro- 
duced to the Heavens; P will be the Peh round 
which the Heavens have an apparent diurnal Re- 
volution. Through the two Points E and P, draw a 
great Circle EPA, which rnlTing through the Poles 
of both the Ecliptick and jtquator, will be perpen- 
dicular ro both thofc Circles, Let it meet with 
the Ecliptick in A i the Arch P A will meafure 
the Angle PCH, which is the Inclination of 

ilhe Axis of the Earth to the Plane of the Eclip- 
rjck i that is, it will be 66 J Degrees ; and there- 
fore the'-Arch E P, which is its Complement to a 
Qiiadrant, 
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Lefture Quadrant, will be 13^ Degrees; which Arch wiH 1 
Vlir. meafure the Angle ECP, that the j4xii of tM { 
Vi'^^-^^ Ecliprick and the jEquator mike with one another. 
7fc Pirf. •/From the Po/p E, dcfcribc rhro' P 3 lefler Circle 
;^™.^.PFG, which will be parallel to the Ecliptic k ; and 
vMid (B a fince the j^x'u of the Earth always keeps the fame 
lepr c/rt/f invariable Angle with the -^xii oi the Eclipcick, 
^'"'L ,1° ic will always be direflec! to Ibme Point in the 
(7V*. '^^ Periphery PFG, and the Fah of the World muft 
»lways be fomewhere placed in it : So likewife, if 
the ^xit of the Earth' re:ained the fame Direiflioo 
without any Change, as often as the Earth came 
■ to the Point of iis Orbir C, the Pole of the 
Heavens would be conftantly in the indivifible 
Point P ; But we find, that the Po/e of the World 
does conftantly change its Place in the Periphery 
PFG; and the ^xit of the Earth, which before 
pointed to P, after 72 Years will look to another 
Point Q__, which is one Degree from P towards 
the Ifejl. And by this Means, the j^xis of the 
Earth, or of the World, is carried in a Co/ucal 
Motian-, or defcribes the Surface of a Cane, whole 
Vertex is in the Center of the Earth, and its Baji 
is the Circle PFG; and the Pok P will con- 
ftantly move in the Periphery PFG, with a very 
(low and retrograde Motion, from the Eafi to the 
l^eft, and does not finilh its Circulation in le6 
than 25920 Years; after which Time the Po/r, 
having left the Star at P, docs again return thither. 
Hence it follows, that the Star which is now the 
P«/(ir, and direilly over the Fate of the Earthy 
after 12960 Years, which is half the Period of__ 
the Tolar Revolution, will be 47 Degrees df^ 
ftant from the Pole, which will then be diredte/ 
to G. ■ 

The Circle EPA being perpendicular to bota 
The Soifti. the Ecliptick and the ^Equator, will be the SbJt 
till ColuK. flitial Calure, and A will be the Solfiitial PoiM 
which Point of the Ecliptick is moft diftan 
from the j^quator : Now, after the jixis of the" 
Earth produced comes into the Pofition C Q_, 
if there be drawn through the Poles of the Eclip- 
tick 
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tick and the jEquator the Circle E Q,B, this Circle Ledlure 
will then be perpendicular to both jEqiiator and VHT. 
Eclipdck ; and therefore, when the j'lxis of the v/*V*^ 
Earth is in the Pofjcion CQj the Circle E Q^B 
will bz iheSo/flitial CaluTi, and the So//'«fl/ Point 
will be B, where thai: Circle inteileifts the Eclip- 
cicki and therefore the Solfiitial Points will move 71* soifti- 
backwards equally with the Poles ; the Motion of'"' ''""" 
the Pole being in the Circle PQG, which is pa-^^;*^" 
rallcl to the tclipcick, the Arches P Q_ and A B 
will be like or limilar; fo that when PQ, is an 
Arch of one Degree, AB will likewifc be an Arch 
of one Degree. 

Hence the Solfiitial Points will always be re- 
ceding from ihe Stars backwards, fo that if the 
Soljiitial Point be this Day near ihc Star A, after 
72 Years it will be in B, one Degree removed to- 
wards the We/? of the Star A. And iince the 
SolflisUl Points move conllantly backwards, ihc 
^quinodial Points, which are always 90 De- 72f^9»n»- 
grces diftant from the Selfiices, will alfo move^'"' ^°'"" 
conftandy backwards ; and fo likewifc mnft all ^T jj^^ 
the other Points of the Ecliptick neceffarily movewj^rfi. 
back, equally with the Soljikei, becaiife chey keep 
conftantiy the fameDiftances from them. Thus, 
fince between ihe Soljlke-, and the Interl'efiion 
of the iiiquator and the Ecliptick, there are 90 
Degrees, or a Quadrant of a Circle, when 
the Solftice has moved one D^ree H'efiwaTd, 
the ^quinodial Interfedion muft likewife move 
one Degree {Veflvjard; otherwiie they could not 
always keep the fame Diftance from one (another. 
Therefore the jEquino&ial Points, and al! the 
other Points of the Ecliptick, do move conti- 
nually backwards, or towards the Weffi. And 
ibis Motion is faid 10 be in Antecedeniia, to the lit MuUii 
ff^efi'worJ,ind contrary to the Order of the Signs': '" Amece- 
As the other Motion, whereby the Earth and all''*"'''' 
the Planets are carried round the San to the 
Kafiviards, is faid to be '« Canfequentia-f in Con- Thi S&iia; 
ieQueoce, or according to the Order of the Signs,'" '^""'=- 
that''""""' 
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Lefture that is, from T.to tf, n, eff. And ihis backwiri 
VII f. Motion of the jEquinodliai Points is called the 
V^Y"^^ ^rtct§on of the vEouinoxes, by which they are car- 
ried conftantly haclc unto the preceding Signs or 
Stars, and fall more and more behind the Succeed- 
ing Stars. 

Since the ^xed Stars remain immoveable, and 

the common Interfedion of the Equator and the 

Ecliptick conftandy falls backward, it muft ne- 

ceflirily happen, that the Diftancc of the Stars 

from the j5.quinod:ia! Points be conftamly changed, 

"III MsiiinmA the Intcrfedtions moving Wffi'jjard, the Stgrs 

^^^?"'^"will lecm to remove more and more Eafi-warJ 

LfCarrfi"'" rdpeft of the jCquinoiSia! Points: And thcre- 

miia itt fore the Longitudes of the Start which are com- 

Sunfita puted from the firft Point of f, or the vernal In- 

^'^' j^°Jj terleftion of the j^quator and Ecliptick, muft con- 

itt Ei'fl. ftanrly increafe ; and all the Stars will leem to have 

a Motion Eajliuard, not that they have really any 

fuch Motion, but becaufe the ^quinoflial Point 

has a contrary Motion to the ffeji; fo that the 

Diftances of the Siars or their Longitudes from the 

firft Point of T reckoned Eafiviards, becomes con- 

ilantly greater. 

Tie Csnflel- Hence it is, that all the Conftellations have 

'f"'="'"'™ changed their Places, and have defcrted the Stations 

\kilf'eu.!!t ^^^1 '^^P^' when they were obferved by the firft 

jijtronomers. Thus the Conftcilation of the Haw^ 

which in Hipparc bus's Time was near the Vernal 

Interfeftion of the .Equator and Ecliptick, and 

gave its Name to that Portion of the Ecliptick, is 

now removed from that Tnterfeflion a whole Sign, 

or a twelfth Part towards the Eafi, and is got into 

the Sign or Portion of the Ecliptick called tf, or 

theBu// ; Thus alfo the Conftellation T«w«, or the 

Ba//, does now refide in Gemm,or the Tw/wr; and 

the Stars which are called T'wJnSj are at this Day 

advanced to ®, or the Crab-, the Siars in the 

Crah are got into the Place which was formerly 

ponTefled by the Lion-, and the Ua/t has driven 

the Virgin a whole Sign forward ,• and fo every 

Conftel- 
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Conftellation has fince the firft Obrervation changed Lsdlure 
^lace with the foibwing. Bat here ic is to be ob- Vl[[, 
lerved, that thp' the Conftellations or Images \,^\"^ 
have left their Places, yet the twelve Portions of 
the Ccliptick, which are called Dedtcatimoria, re- 
tain ftill the (ame Names which chey had at tirft 
in the Time of HiffaTchus : But to diftinguifli them 
from the Conftellationsj the Portions of [he Eclip- 
tick arc called Anaflroiis Signs, or Signs without 
Stars -^ and the Conftellations are called the S/^rr/ 
■S^ns. 

Some antient Aftronomsrs fiippoled the Inter- 
ledlions of the vEqiiator and Ecliptick to be im- 
moveable ; and becaufe they found that the Start 
changed their Diftances from thefe InteTfeiSions, 
they therefore imagined the Orb or Sphere ta 
which the fixed Stars were placed, to have a 
flow Revolution about the Poles of the Eclip- 
tick i |8 that al! the Stars performed their Cir- 
culations in the Ecliptick, or its Parallels, in 
the Space of 25920 Years ■■, after which Time 
die Stars would again return to their former Places. 
This Period of Time, which is five times greater 
than the Age of the Worid, they called the great Ti,^^^ 
Year ; and imagined that when it was finilh&i, r,tr. 
■every Thing would begin again, and all ThinB 
iiappen and come up in the Tame Order they do 

now. 

The phyfical and efficient Caufc of the Precefr 
'Con of the Equinoxes, was unknown to all the 
jifironomers before Sir Isaac NewtoN ; none of 
diem being able to guefs from whence it did pro- 
ceed. But Sir Isaac Newton, having conlidered 
the Laws of Motion and Gravity, hath clearly de- 
inonftraied, that it doth arife from the broad fphe- 
tiodical Figure of the Earth : And that this broad , 

ipheriodicd Figure arifes from the Rotation of the ^ 

Marth round its Axis. 

Altho' the Earth in its annual Motion 7ht Mm*« 
does fo go round the Sun, thai it always performs ^/'^fEaiWi 
its Period in equal Intervals of Time ; yet its J,',"' ^/^' 
Motion in its Orbit is oblcrved not to be equa- 
G ble 
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Le^iire ble and uniform, but in fome Places k moves 
VUI- quicker, in oiher Places it [lackcas its Pace i and 
^••^1^'^ tnerefore ibe apparent Motion of the Sua in the 
Eclipdck cannot be regular and uniform ; And 
he IS not obftrvcd to ro thro' the lame Space 
of [he Eclipiick every Day. In our Summer he 
'is obferved lo go with a flower Motion, in our 
Winter he moves (bmewhit failcr; and the Dif- 
ference of ihefe Motions In Summer and Win- 
Si,«- ^*'' '^ '^'"■''' '''" '^'* Place in the Ecliptick is 
w i>''cigii fomecimcs two Degrees aixjve v.'hat it would 
Day, hngcr b;, if he had conllantly kept the fime Pace \ and 
'*"" ^"'" fometimes ii is two Degrees ieG : On which ac- 
count the Sua U oLiferved to fpcnd near eight Days 
nlore Time in the Northern Signs of the Eclip- 
tici, than in the Southern Signs; fo that from 
' the Time of the Sun'i being in the Vernal ^qui- 
nodie, till his coming into the Astuvin^l-, there 
are iSfi^Days; in which Time by his apparent 
Motion he is feen to defcribe one half of the 
Ecliptick. But from the Autumnal j^qulnoaie 
to (he VsTttal-, there are only lySi Days, in 
which Space of Time he finiflies his Courfe thro' 
the other half of the Ecliptick, and viliis all the 
SsuiherH Conftellations. We are alfo alTured by 
the Obfervations of A^rommers-, that ihs apparent 
Diameter of the Sun in Winter, wheiT the Mo- 
TU eppd- . lion of the Sun is quickeft, ii greater than the ap- 
"'"^^'™.- parent Diameter in the Summer, when he 
Sunr/ifl/o- "^'^'"^"^ bis Pace i and the Difierence is fo great, 
'iniviairt that whcB the Sun appears biggeft, he is fcen un- 
tijnSBw- der an Angle of 5a Minuics 4.7 Seconds ; but 
"""■ when he appears leaft, he fubtends an Angle only 

. of 3 1 Minutes and 40 Seconds ■■, and therefore 
the Sun mult be tariher from us in Summer than 
in Winter. 

Some AJlronomert, too pcrcinacioufly keeping to 
circular Orbits, that they might give a mril- 
iad:ory Account of tbefc Appearances, fuppofed 
that the Earih did really move with an equa- 
ble Motion in the Periphery of a Circle, and 
riiat if it were feen from the Center of that 
Circle, 
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Circle, ic would be obfcrved to dcfcribe equal Lei^re 
Aagks round it ; but they fuppored the Sun to VIII. 
be removed from thai Center at fome Diftancc. '— v>*.,# 
Let the Circle A BCD he the Orbit of ihePl»"_>V. 
Earthy whofe Center is E, and imagine the ^f^ ^^^^ 
Center of the Swc not to be in Ej but in S. cf rb> Emh 
Now wheti the Earth i? in A, the Sun will be '" " F.'"" 
obferved in the Point Ti and when &ic Bartb""^ '''""' 
comes to B, the Sun will be obferved in S : 
And again, the Earth being arrived at C, "the Sun 
will appear in a ,- Co that while the Earth dc- 
fcribes the Arch ABC, which is more than x 
Setnicircie, the Sun will appear to have gone thro' 
but one half of the Eclipdck ; and the Sun will 
fceoi to have performed his Journey thro" the 
other half, while the Earth is dercribing the 
other Portion of her Orbit ADC. Now (ince 
the Arch ABC is greater ihan the Arch ADC, 
it is eafy to fee, that the Sun mull rake mora 
Time to defcribc, by its aoparcnt Motion, that 
half of the Eclipdck Y, S, — , than the other 
■te, V, T- Moreover, when the Earth is in B, it 
is further diftant from the Sun, than when i: 
is iif D : And if its Mouon were in itfelf per- 
■fe&\y equable, yet when it is feen from the 
■Savj which is not the Center of equable Mo- 
tion, it would from thence appear lo be un- 
equal : In B it would appear to be llowcft of 
,«|]j and in D to be the quickeft of ail. But 
ibe apparent Motion of the Sun in the Eclip- 
lick is conftantly equal to the Motion of the 
Earth feen from the Sun ; and therefore by this 
Suppotirion we can give an eafy Account why 
ia our Summer the Sun appears to have 3 
■flow Motion, and in the Winter a quicker ; 
fo that the unequal Motion of the Sun of 
Earth is not fo in reality, but only Optical 
and Apparent j arifing only from this, that the 
Sun is not exaftly in the Center of the Earth's 
Orbit in E, but at fome Diftance from it at S : 
'So they affirmed) that a Spedator in E would 
G z always 
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always obfcrvc, iliac the Earth had a moil cxadt uni* 
form Motion round tliit Center in its Orbit. 

This Hypalhefn appears at firll Sight to be 
litnple enough, and to ajjrwtr well the Appear- 
ances we have related i and all the A^ronomen 
before Kepler, embraced it .is a true HypBthtJis. 
For they held it tor an undoubced Truth, chat 
all the iMotions of the Heavens were exaftly 
circular, and in chemfelvcs equable ; But after 
the great Kepler had more accurately furveyed 
ihefc Motions ., and relying upon the Obferva- 
tions of the moll indullrious Tycha Brabe, he 
then tbuiid, that the circular Hypothejls would 
by no means anfwer to ihe true Motions of 
the Planets : And by a moft certain and infa]- 

' lible Method of Reafoning, he has fliewn, that 
the Motions of the Planets arc neither equaUe 

. in themfelves, nor are their Orbits exaift Cir- 
cles. For by the Obfervations of Tycho, he has 
proved beyond all Difpute, that the Figure of 
a planetary Orbit is an El/ipfi, which is defi- 
cient from a Circlcj or of the Form of an 
Oval ; and that the Planets Motion in this El- 
lipfe is really unequal, fometimes quicker, anl 
fometimes flower i and that, according to its I^^ , 
flance from the Sun, theP/i/««{lackensorquicl 
its Motion. 

Now the El/ipfs is a curved Line Fig 
which the Geometers commonly fhew by cuiti 
a Cone or a Cylinder obliquely ; But its NaCU 
will be more clearly apprehended by B^ni 
from the following Defcription : Imagine 
fmall round Sticks to be faftened in »ny Plae 
or Paper, one in the Point H, the other in t" 

Point G i and fuppofe a Thread doubled ' 

the two Ends tied together, whofe Lewtb mui 
be greater than the Diftance of the PoinEs ' 
and H, which Thread put over the two rom 
Sticks : And let there be a Pen put ia tl . 
doubling of the Thread, which may keep it al^l 
ways ftrerched with the fame Force. This Pe%n 
going in this Manner round, will defcribe byl 
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its Motion a curve Line, which is the Elliffe Lci^re 

we now fpeak of. And il" without changing Vlll. 
the Length ot" the Thread, we lliould bring ^.^''V'rf 
the round Sticks a little clofer together, we 
fhall then have another Ellipl'e of a different 
Kind from the former, and which will i:ome 
nearer to a Circle : And by bringing them ftill 
nearer, we fiiall always change the Form of our 
Elliple, and bring it nearer to a Circle, till (he 
Sticics come CO be joined together in one ; and 
then the Pen in the doubling of the Thread 
will defcfibe an exi& Circle. Either of the 
Poinfs G or H is called the Faeus or Nave ofTirFocm 
ihe Ellipfisi and if we bifedt HG in C, the"'^""^- 
Point C is calied its Center ^ ths Line D K paf-""*' 
fing thro' each Focus, and at each End meeting 
with the Ellipfe, is called its Axis : Hence it is 'n« Axis, 
evident, that if from any Point of the Ellipfis, 
there be drawn to the two Focus's, as for Exatn- 

f/e from B, two Lines BH and BG, tliefe two 
,ines joined together will always be equal to the 
Axis of the Ellipfis, and likewife equal ro the 
Length of the Thread, bating the Dillance of tho 
two Focus's. 
Now tho' this be the Fofm of the Orbic 
ich the Planets defcribe i yet the Place of the 
lot the Center of it, but he takes his Re- 
in one of the Focus's : And t!ie Axrs of the 
ipfe AP is called the Line of the >4p/^ey j thcpiatelv. 
nt A is termed the higher Apjrs, and the Aphe- Fig. 5. 
; iJie Point P is called the /aiuir Apjis, and ^*''^*'^*"' 
Pfrihslian : And S C the Diftance between the A^h'eli^ 
in the Focus and the Center, is called the "3^ /™«r 
'ixttntricity. If from the Center C, there be^i""'"" 
"led upon the Axis the Perpendicular CE,^/^'ii^'. 
with the Orbit in E, and there be drawn irkity, 
rom tlie Focus the Line S E ; this Line is called 
; Mean Diftance of the Flarm from the 5'k», Jf^^ "«" 
's equal to half the Axis ; it exceeding the 
loneft Diuancebyasmuch as the longeft Diltance 
Rceeds it. 

G % In. 
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I.efture In. the planetary Orbits, the Forms of the E^ 
VIII. lipfes do not differ much from Circles , and in the 

^•V^ Orbit of the Earthy the Exccncriciry SC is only 17 
of fuch Parts as S E the mean Diftance confifts of 
looo, which Excentricity is but half of that which 
the Aflronorners that fuppofed circular Orbits, at- 
tributed to the Diftance of the Sun from the 
Center. 

rbe Rule The Motion of a Flanet in the Periphery of an 

/if^Pbufets ^^'^P^^> ^^ "^^^ ^^ ^^' equable ; yet it is regulated by 
Motions Mre * Certain immutable Law, from which it never de-; 
regiiltaad, viates J which is, that a Line or Ray drawn from 
iilo^^ ^^^^ Center of the Sun to the Center of the Planet^ 
tionofEt' which is carried about with an angular Motion, 
liptiek does fo move, that it defcribe? or fweeps an EUipr 
Areas. tick Area^ always proportional to the Time. Thus 
let the Fla7iet be in A, from whence in a certain 
Time let it go to B ; the Space or Area the Ray 
S A defcribe^j is the Triline A S B : When aftcTT 
wards the Vianet comes to P, and from the Center 
of the Sun S, there be drawn the Line S D, fo that 
the Elliptick Spice or Area P S D, may be equal 
to the Area A S B ; then in that Cafe, the Vianet 
will move thro' the Arch P D, in the fame Com- 
pafs of Time that it did thro' the Arch A B, which 
Arches muft be unequal, and nearly in a recipro- 
cal Proportion to their Diftances from the Suni 
for becaufe of the equal Area's, the Arch P D muft 
be fo much in Proportion greater than the Arch 
A B, as S A is greater than S P. This Law is fuf- 
ficiently demonllrated by the moft fagacious Keplety 
in his Book which he intituled. Commentaries on the 
Motion of the Vianet Mars. And unto this his In- 
vention, all the Aflronomers do now give their AP 
fent ; for there is no other Rule to be found, which 
fo well fatisfies all the Appearances of the Vlattets 
Motions. 
73^«Mean An Arch of a Circle, or an Angle, or the 
Anomajy. Elliptick Area ASG, taken proportional to the 
Time in which the Vianet defcends from A to G, 
^s called the Mean Anomaly of the Vlaiiet, But 

^ thq 
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the Angle A S G, when the Vlitiet comes from A to Lcfture 
G, is called its True Anatnnly. Bar when the Mo- VIII. 
tion of the Flanet is reckoned from the vernal Inter- O'V^ 
ifeflion of the Equator and the Eclipdck) or from TO. f«^ 
the Beginning of Yi it is called its Motion in l'""' tZ'^J^i'^ 
•itude; which ii either a mean Motion, fach as the (» Lunei- 
P/4»« would have, did it move uniformly in a Cir- ""•<■ 
cle round the Sun, or elft the true Motion where- 
with the Planet defcribes its Orbit, and is reckoned 
by the Arch of the Eclipiick it is feen to defcribe ; 
which true Motion is fometimes accelerated, and 
fometimes retarded, according to the Dillance of 
the Plamt from the Sun, in the various Points of its 
Orbit. 

Br this Means, for any given Time afcer that the 7tr Daa-- 
'anet has left its Aphelion, wc f5nd out its Place ""'f'f'" '/ 
. irsObic; vz.. Let the Area of the Ellipfc be J,;*;!,^,' ? , 
& divided by the Line SG, that the whole Ellip-o,i.f. 
Bck Area may have the fame Proportion to the 
Area ASG, as the whole periodical Time wherein 
^ibeP/aMtt defcribes its Orbit, is to the Time given; 
nd then G will be the Place of the F/aneT in its 
Jrbit, The Geometers have given feveral Methods 9 

)r dividing in this Manner the Area of an E!- 
fimie of which we will lliew in 
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$TN(» in our Summer we are further from the^'^J"*' 

M^ anSwhen Winter comes on, we begin to ^^-^'^^^iJl"'^, 

bac&^fm ; fome may wonder why the Earth grows br \if",-Cr 

^^^ffmer, while it is ftill further removing from the/^mui. 

wjand again in the Winter, why iilhould be colder 

Otv&ithftanding it.s nearer Accefs to hira. But we 

Tift ol^rve, that the Degrees of Heat and Cold do 

tsltq^thcr depend upon thcDiftances from tlie 

%\ bift there arc other powerful and concurring 

"jia'kst which have certain Effcfts in this Matter : 

br> firft of all, the dircfl Force of tlie Sun^ Rays is 

luch ftronger, than when they are received ob- 

juely: Now in the Winter the Rays fall upon the 

nth very obliquely, and their Power is not only 

niniOied on the Account of their Obliquenefs, but 

G4 alfo 
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Lefture sHo becaufe the Light is not fo denfe, there 

VIII. much fewer Rays which can come to a certain Po 
V^v"v^ tion of the Surface to hear it. Moreover the St 
being !ow in the Horizon ali the Winter, the Bean 
psfs [hio* a much greater Quantity of Air, or ai 
deeper immerfed in our Atmofpherc in the Wint 
than they are in Summer, when the Sun apprott ' 
nearer to our Vertex, and the Force of die Rays . 
broke by the Refleia:ions on fo many Particles a| 
Air : And the Difference is fo very greaij thi 
when the Sun is in the Horizon, we can look upo 
him without hurting our Eyes ; but when he rife 
higher, there is no enduring his Sight without blind- 
ing us. 

But there is another very powerful Caufe whici 
produces the Variety of Seafooa i which is, that ifad 
ioniser any hard and folid Body is cxpofed to thi 
Fire, the hotter it grows. Now in the Sutnrne 
for lixtcen Hours we are continually in the Siufi 
Heat, and we have only eight Hours in the N^ltf 
to coo! : The contrary of which happens in the 
Winter, and therefore i: can be no Wonderj that 
there ftiould be fo gr^at a Difference of Heat and 
Cold, in thefe two Seafons. 

Since the Power of the Sun is greateft when hit 
Rays fall upon us moft directly, and when theDajnl' 
are longeft ; it would feem that the greateft HeaC 
p-jght to be when the Sun enters the Tropick of 9 
for then the Sun comes neareft to our Vertex, aa 
lieth longeft upon us. But Experience fhews i)V 
that wc have the greateft Heat after that the5*» htsi 
left the Tropick ; and the Seafon becomes warmefC 
about the End of July, in the Dog-Dayt, when the 
Sun has paffed the Tropiclt, and is removed fioiii;^ 
it above a whole Sign. 

That we may give the true Caufe of this 
Effefl, it is to be obiervcd, that the AiSion of tha 
Svfti by which all Bodies are heated, is not tran,(- 
ient, as its Illumination is, but permanent : So, 
that a Body which has been once heated by th^i 
Sun, retains its Heat for fomcTirae after the i'wtfha*! 
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gone off if. So that the heating Partides which Lefture 
flow from the 5*», and are abforbed by the heat- Vill. 
ed Body, do tor a certain Time remain within it) ^y*^^ 
and do therein raife a Warmth or Heat. But af- 
terwards, when thefe Particles fly off, or !ofc 
their Force, the Body begins to cool : And there- 
fore, if the heating Particles, which are conftanrly 
received, be more rhan they which fiy away, or 
lofc iheir Force, the Heat of the Body mu&tny rbe 
continually increafe. And this is our prefent "'■" 'i "* 
Cafe : After the Sbs has entered [he Trapitt, ihc^^'^{^g^ 
Number of Particles which hcac our Atmofphereu .« lU 
and Earth, does conftantly increafe, there enter ^™'' 
5 more in the Day-time than what we lofe ia ''^'"P"*" 
: Night-time, and therefore our Heat muft grow 
Let us fuppofe, for Example's fake, that 
V a hundred heating Particles received 
Ein the Day-time in Sun-fiine, and the Night 
I being much fljorter, there iTiould fly off only fifty 
\ of them, other fifty ftill remaining there to excite 
Heat ; The next Day, the Sun afting with almoft 
the fame Force, will impart another hundred Par- 
ticles, of which no more than one half will fly 
away in the Night ; fo that on the Beginning of 
the third Day, the Number of Particles exci[ing 
Heat, will be increafed by one Hundred : And thus, 
while there are more Particles that excite Heat re- 
ceived in the Day-time, than what fly away in the 
Night, the Heat will conftantly grow ftronger. 
But then, as the Days decreafe, and the Adtion of 
the Sun becomes weaker, there will at !aft be more 
Particles that fly away in the Night-time, than 
what we receive in the Day-time ; by which means 
the Heat of a Body will grow every Day lets, and 
(iie Earth and Air will by Degrees cool. 
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LECTURE IX. 
Of the Moon, its Phafcs and Motiim. 



i!F all the Bodies in the HcavenSj if 
i you e.vctpt the S««, the Moo» ap- 
J pcais to be the tnoft fplendid aad 
' fliining Cilobc, and does more par- 
1 ticularly belong to our Earth, of 
i v.'hich flic is an infeparable Comp^ 
And flic docs conftantly abide fo much ia 
our Neighbourhood, that if flic were looked ac from 
the Sun, flie could never be Teen to depart from us 
by an Arcli greater than ten Minute;;. She therefore 
is tied to the Earth, and waiis upon her as an At- 
tendant, going alon^ with the Earth round the S«i 
in the Space of a Year ; but in the mean Time flw 
has a proper Orbit of her own, which flie defcribes 
round the Earth, in ihe Time of a Month- 
/; '.a, ,j. The Primary Planets have the Sun, which they 
j^"}' p|^^'' regard as a Center, for the Regulator of their Moi 
•■ 'tioiis; and Ibmetimcs they approach us nearly, at 
other times they move away to a great Diftance 
from us. But the Moav-, like an Farthly Body^ is 
kept in our Neighbourhood by a natural PropenlioQ 
or Gravity towards us; by the Means of which ic 
is conftanrly turned out of a rectilinear Courfe, 
and is obliged to perform its Revolution round 
about us, in the Space of 27 Days and feven Hours. 
The Moon puts on feveral Phafes and Appeai^ 
ances, and is always changing its Figure; and 
with the Multitude of her Forms, flie has fre- 
quently puzled the Minds and Underftan dings. 
of chofc Fhthfo^hersj who have moft contem- 
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plated her : Sometimes flie increafes and grows Ledure 
bigger, then again (he wane^, and diminillies, as IX. 
it were, in old Age j fometimes ilie is bended ,„*"^^ 
into Horwj and tlien agiin ilie appears like a half 
.Circle i at other times, fiie looks gibbous or 
hutnp-back'd, and immediately flie arfumes a full 
,|^obular Face ; and afterwards, by Di^rees, (he 
i^Sifappears, and lofes all her Luftre ; lomenmcs 
,Bie enlightens us the whole Night, at other times 
rihe does not appear 'till late at Night : And 
'.even in a total Eclipfc, fhe is frequently vifi- 
We, though with a very languid and pale Counte- 
nance : Sometimes (lie keeps in the Southern Re- 
■ Ion of the Heavens i at other times, Ihc rifes 
^_igh, and viflts the Northern Hemifphcre. All 
tbefe Things were firft found out by Enfynioa 
«tnong the Greeks, who was the firft among them 
who watched her Motioni^i and upon that Ac- 
count, was iuppofcd to have fallen in Love wi[h 
her. 

The MeoTtj like the Earth, is a. dark, opake, and "Tir Mo™ u 
foherical Body ; and only (hines with the borrowed " s/*"'"' 
X^hf of the Sun : For it is the Sun who is thc^"*' "'^' 

reat Luminary in our Syftem, and who always 
...luftrates that Half of the JWdoi/s Body, which is 

■iamed towards him ; whild: the other Half, which 
It oppoiite, is involved in Darknefs : But the Face 
ijpf the Moen, that can be feen by the [nhabitants 
of ihe Earth, is that which is turned coward the 
^^trth: And therefore, according to the various 
.Polition of the Maoti, in refpeft of the Sun and 
Strtk, we do obfetve different Illuminations and 
Degrees of llluftration ; at one time a larger, at 
jOnother a ielTer Portion of the illuminated Surface 
is to be feen ; fometimes there is no Part of it 
Vifible, and fomecimes we obferve the Whole, and 
fee the Moon with her full Face. But for the 
better Underftanding of this Matter, we will ex- 

Klain it by a Figure. Let S repreR'nt [he Sb«, p|„ev 
• the Earth, R T S a Portion of the Eitrth's Fis- ', 2. 

'rbit, which it defcrib^ in its Annual Courfe 
round 
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round chc5««. Let ABCDEFGH be the OK 
bit of the Mom, in which fhc turns round the 
Earth in the Space of a Month, from the Wtfi b>. 
wards the Eajl. 

This Motion of the Moon is evident to cm 
Scnfes; for if the Moon be obferved to arrive it 
the Meridian any Night with a fixed Staty the 
nest Night (he will be ^3 Minutes later in coming 
to the Mcridianjor in Southhig, than the Star., fhc 
having receded from the Star about 11 Degrea 
towards the Esji. Join the Centers of the Sim 
and Moon, with the right Line S L ; and ihrough 
'the Center of the Moan, imagine a Plane MLN 
to pafs, to which the Line SL is perpendicular: 
TheScflion of thit Plane, with the Surface of the 
Jtfem, will produce the Circle which bounds Light 
and Darknefs in her, and feparates the inliglitened 
Face, from the dark and obfcure Side, In tte 
fame Manner, let ihc Centers of the Earth and 
Moon be joined by the right Line T L, which is 
perpendicular to. a. Plane PLO, pafling thro' the 
Center of ihc Moon ; ihar Plane will make, on the 
Surface of ihe Moon, the Circle which diftinguifhcth 
the vifibte Hemifphcre, or that which is towards 
us, from the invilible, which is turned from usj 
which Circle may therefore be termed the Grm 
of r.f,on. 

Hence it is manifeft, that whenever the ilftmi is 
in the pofition A, in the Point of its Orbit 0|ni»- 
fite to the Sun, that then the Circle bounding LqpC 
and Darknels, and the Circle of Vifion, do eSii- 
cide ; and that all the illuminnted Face of the 
Moon will be turned towards the Earth, and be vi— 
fible by its Inhabitants : And then the Moon is Taid 
to be full, and lie fhincs all Night long ; and in re— 
fpedt to theSsw (he is faid to be mOppafition: For 
the Stm and Moon are feen in oppofite Parts of the 
Heavens, the one rifing when the other fets. When, 
the Moon comes to B, the whole illuminated Disk 
M P N is not turned towards the Earth, there 
being a Part of it MP no: to be feen ^ 
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S i and then the Fijil'le lUuminatiev will be defi- 
Kcienc from a Circle, and the Moon will hive a gib- 
■bous or humped Form, fuch as is marked in B. « 
The Mom arriving at C, where the Angle CTSJ?' c,i4«, 
is nearly right, there only one half of the illumi- '*"'■ 
nated Disk is turned towards the Earth, and to 
be leen from thence ; and then we obfervc a Half- 
Moon as in C, and flie is laid then to be BifiHedHji/Maon. 
Oi Diihotomixed; [hat is, cut m Halfs. In this ^Z*'"'™' 
Situation the Saw and Moon are a fourth Part of ajj^."""'" 
L Circle removed from each other j and the Moon 
■ is laid to be in a ^adraie Afpnily or to be in her 
W^uairature. The Moon going forward to D, the'^^ Qs.»- 
' miminated Face MPN has but a fmall Por- '''■*""*- 
tion of itfcif turned towards the Earth, and the 
Side of the Maou turned towards the Earth is for 
the greaceft part in Darknefs : And therefore o£ 
the fpherical Figure of the Moon which appears to 
us to be plain, that fmaiJ Part which (hines upon 
us, will feera to be bended into narnDW Points or 
Angles, and will look like what; we call Horns ; 
for there the Circle bounding Light and Darknefs 
with the Circle of Vifion, doth form two fmall 
Angles at their Interfedtions, and the Phap feen 
from the Earth will appear as in D. The Mooif at 
laft coming to E, will ftiew no Pare of its illumi- 
nated Face to the Earth, but all the dark Side of 
the Meoa will be turned towards it; and then the-'v™MoQi 
JWiwa difappears, and fhe is faid to be ii " ,' " "^ 
with the Sun, the Suk and fhe being in the fame'" 
Point of the Ecliptick. This Pohtion we call 
New-il&OB. When the Moon advances further to 
F) (he again affumes a horned or crooked Figure; 
and as before the Neia Moon the Horns were turn- 
ed IVep-ward, fo nowj after the Time of New Moon, 
they change their Politions and look Eaflward. 
Wnen the Moon has proceeded to G, and is again 
in a Quadrate AfpeS with the Sun, ihe will 
appear bifeded, and like a Half- Moon. In H 
ihe will be bi^er, but will Icill be deficient 
' Ifora z whole Citclej and be feen gibbous : 
But 



H 



ylSTRO NOMlCAL 



Lefture But in A Jhe wiH again appear circular, and in 

IX. fuQ Splendor. 
i^^V-s^ The Arch E L, or the Angle STL, conta' 
TisEiongi- under Lines drawn from the Centers of the 
M™ fi'm^"'' Woi"' CO the Center of the Earth, is called 
*fc Son. ° EioBsaiiait of the Moon from the Sun, And 

Arch MO, which is that Portion of the illumina- 
ted Circle MON, which is turned towards the 
Earth, and which is the Meafure of the Angle that 
the Circle bounding Light and Darknefs, and the 
Circle of Vifion, make with one another, b eveij*. 
where nearly fimilar to the Arch of Elongation EL."" 
or, which is the fatne Thing, the Angle S T L i. 
nearly equal to the Angle M L O, which I thus 
. demonftratc -. Produce S L at Pleafure unto X, 
and the Angles T L P and MLS will be equal, tbqj 
being both Right Angles ; But the Angles O L S 
and P L X are alfo equal, becaufe they are vertical 
to each other ; therefore taking away thofe equal 
Angles, the Angle MLO will remain equal to 
the Angle TLX; but the Angle TLX is the 
estertial Angle of the Triangle STL, and is there*; 
fore equal to both the inward and oppoCte Atig" ' 
STL and T S L, by the ^id Propofition 
Book L of EucliJ. But the Angle T S L is 
ceeding fmall, and next to nothing i for, when 
gefl in the Quadratures, it does fcarce exceed 
Minutes of a Degree^ the Dillance of the 
from the Earth, in comparifon of that of the St 
being fo fmal!, that the Angle which it fubtends 
the SuH vanilhes. And therefore the Angle S T 
by itielf, is nearly equal to the Angle ML" 
whence the Arch MO will be fimilar or like to 
Arch E L. 

The Semicircle O M P, fmce its Plane paflcKi 
through the Eye, will be projected into a Right! 
Line, or appear like a Riglir Line on the Drdt' 
of the Moon ; bur the Circle bounding Ligbc 
and Daricnefs in the Meo7i, llncc it is feen ob« 
liquely from the Earth, will be projcded ini 
on EUipfe, in which Form it will appear. Henc( 
having 
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laving the Elongation of the Moon from the Sutr, Lcfliifl; 
t will be an eafy Martcr to Ihew its Phufii, or IX. 
ipw it happens at that Time. Let the Circle *mi''V^/ 
^^OBP reprdenc the Disk of the Maoji, which -f ^/''^ 
.turned towards the Earth; and let OP be thep^ljti ^ 
[iinc in which the Semicircle OMP is projeded, ri. Moon, 
ffhich fuppofe to be cut by the Diameter B C, at/"' ""/ *- 
iighr Angles ; and making LP the Radius, take^"'"^ 
[jF equal to the Cofine of the Elongation of thepig, 5,4)5. 
Motrt from the Sun : And then upon B C, as the 
n-eai Axh, and L F the lefler Axh, defcribe the 
Semi-EUipfe BFC. This ElUpfe will cut off 
rom the Disk of the .WooB, the Portion BFCP of 
illuminated Face, which is vifiblc to us from 
gie Earth. 

Bt making L P the Radius, L F becomes the Tbt j^mh- 
Cofine of the Elongation of the Moon from they 'f >ii*- 
*«« ; P F, in that Cafe, muft be the verfed Sine of-'''''"""' 
'die &ld Elongation i and BFC (the Line which 
^divides the illuminated and dark Parts of the Disk) 
'irii! be an Ellipie, whofe greater Axis is the Dia- 
*tneier of the Disk B C, and half the leller Axis 
lb the Scmidiameter of the fame Disk, diminiihed 
fcy the verfed Sine of the Elongation. Suppofe 
bow that OBPC were the Disk of the Moon 
Mrned towards the 'Earth, and BFC the Semi- 
^ipfe dividing Light and Shadow; Draw any 
^^iric GHN parallel to the lefler ^x'^, and which 
meets with the greater Axis in M, bv the Nature 
i^,the Circle and the EUipfe, L P will be to L F, 
^ G M is to M H ; and by Divilion of the Ratio, 
'LP is to PF, as GM is to HG; and doubling 
'of the Antecedents, PO will be to PF, as G N 
'is 10 GH. The fame Thing may be (hewn of 
'toy other Line, which is parallel to the leHer 
'^Axii ; and therefore' by the 12th Prop. Book V. 
'of Euclid, as PO is to PF, fo will ail the Lines 
*,G N be to ail the Lines G H. But all the Lines 
"GN compofe or make up the whole Lusur Disk, 
Mr confifting of an infinite Number of Paral- 
'■Jelograms, whofe Heights are the Lines GN, and 
whole 
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Lefture whofe Bafes are indefinicely little : So lilccwife all th» 1 
IX. Lines G H make up that Part of the Disk which \ 
^Y^i*'^ illuminated. 

And therefore, as PO is to PF, that is, as the 
Diameter of a Circle is to the verfed Sirie of 
the Jtfoou's Elongition from the Sun j lb is the 
whole Disk of the Moon, to that Part of it which 
is illuminated by the Sun. And hence the ILIuftra- 
tion of the Moant at any Time, is to its greareft II- 
lullraiion, which is at Full Moon, as the verfed 
Sine of the Elongation is to the Diameter of a 
Circle. 
Tie Einh As the Moon by refleiSed Light from the Su» 
ilbmmaui illuminates the Earth, fo the Earth does more 
'*'''*?"'' ^J* than repay herKindnefs, in enlightening the Surface 
fcf^r* '^^ ''"^ Moon, by the Sun^s reflex Light, which ihc 
diiHifes more abundantly upon ihe Moo», than 
the Mooa does upon us ; For the Surface of the 
Earth is above fifteen times greater than that of 
the Afoowj and therefore, if both Bodies have Ac 
lame Power of rcfleaine in proportion to dieit 
fiignefs, the Earih woula fend back ififteen timea 
more Light to the Moon, than it receives from 
ir. For the Earth appears fifteen times bioer Go 
the Inhabitants of the Moon, than the Moon docs to j 
us. la New Moons, the illuftrated Side of T 
Earth is fully turned towards the Moon, and v 
therefore at that time illuminate the dark Side i 
the Moojt; and then the Lunariam will 1 
Full Earth, as we in a fimilar Pofuion have a 
Moon. And from thence arifes that dim 1 
which is obferved in the Old and New - 
whereby, beiides the bright and fliining Horns, t 
can perceive the re{l of her Body behind d 
tho' but dark and obfcure. Now, when the J 
comes to be in Oppofition to the Saw, the 1 
Teen from the Moon, will appear in ConjuniiioK v. 
him, and its dark Side will be turned towards I 
ilfoo'/, in which Pofition the Earth will difappear; 
ter the fame Manner as the Moon does difappear to i| 
in the Time of New Moon, or in her Conjnnilitit will 
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the Stm. After this the Earth will appear to the In- Lc^ure 
habitants of the Moon in a horned Form, In a IX. 
Word, the Earth will (hew all the fame Appear- w''V*V 
ances to the Inhabitants of the Maotii as the Moan 
does to us. 

Although the Moon circulating round the Earth 71, ptriedi. 
dcfcribes its Orbit in the Space of twemy-fevenDayj"'^i""4, 
.and feven Hours, which Space of Time is called a"^ 'j^Jji- 
periodical Month ; yet the Time the Moon takes to "' ' 
go from one Conjundion to the next, which is a 
^nodical Month or a Lunation, is greater than the 

feriodicai. For while the Mom in its prefer Orbit 
niOies its Courfe, the Earth, with this her Compa- 
.nion and its Orbit, arc going; on their Way round 
the Sun, and are advanced almoft a whole Sign to- 
wards the Eafl i fo that the Point of the Orbit, 
which in the former Pofiiion was placed in a right 
Line joining the Centers of the Earth and Sun, is 
now more IVefierly than the Sun : And therefbre, 
when the Moon has again arrived to that Point, 
it will not yet be feen in Conjundion with the 
.Sun. 

For. let AB reprefent a Portion of the Orbit ofP'^w V. 
.tile Eartir, and when the Earth is in T, fuppofe *''B' *■ 
the Moon in L, in Conjunction with the Sun in S : 
AVhile the Moon leaves the Point L, and proceeds 
" defcribing its Orbit LACD; the Earth in the 
an time, by its Motion round the Suit, is carried 
fiiro' the Arch T t; and when it is come to t, the 
Orbit of the Mson is in the Pofition /* r */, and the 
Point of the Orbit L wiil now be in the Line (/, 
which is parallel to the former Line T L. Hence 
it is plain, that when the Moon has come to /, 
«nd defcribed its whole Orbit, it is not then 
Irrived at a Conjuniilion with the Sua i but it muft 
ftill go further, and move thro' the Arch /M, be- 
fore it can get between the Earth and Sun : And 
fince the Maau finiihes her Courle in the Space of 
twenty-feven Days, in that Time the Earth will 
Ittve completed an Arch of twenty-feven Degrees 
io the Ecliptick ; now the Arch /M and T / are 
H alike 
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Lefturc alike or fimilar, bccaule the Lines L T and It^ 

IX. ing parallel, the Angles // M and LS M are eqi 

But indeed it is requited, that the Maon rtiould 

fcribe a greater Arch than / M, before it gets 

tween us and the SuUf bccaufc the Earth is 

moving on in the mean time : And therefore t! 

whole Lunatiani or Time from mvi Mean to 

JMwff, is not finiflicd but in the Spice of tweni 

iTieilitrnal nine Days and a halfi and the Moon does cvi 

'^"m^ Day recede from the Sun, about twelve Degrees 

fotne odd Minutes ; which is called the diurnal 

lion of die Moon tVotn the Sun. 

Jf the Plane of the Maonh Orbit coincided 
the Plane of the Ecliprick, that is, if the Earth 
Moon moved both in the fame Plane, the Way 
the Mooa in the Heavens feen from rhe Earth, w 
be exaiSiy the fame with the Circle the Sun 'is 
to defcribe \ only the Sun would be obferved tod(? 
fcribe that Circle in the Space of a Year, whtcfa 
the MaoH does in a Month. Now in reality the 
Plane in which lies the Moon's Orbit, is not coincident 
with the Plane of the Ecliptick ; but thefe two Planes 
cut one another in a right Line, which paiTes 
through the Center of the Earth ; and they are in- 
clined ro one another in an Angle of about fivj 
Degrees. 

Let a B be a Portion of the Earth's Or! 
T the Earth, and let the Circle C E D F repref 
the Orbit of the Moon, in which is the Center 
the Earth ; with the fame Center T, in the Plane 
of the Ecliptick, let there be defcribed another 
Circle C G D H, whofe Semidiameter may be equaL 
to the Semidiameter of the Maori's Orbit ; thefe 11 
Circles being in different Planes, and having 
fame Center T, will interfeft each other in a Li 
DC, which palTes through the Center of the Earril 
and C E D, one half oF the Orbit of the Mooa, 
rife above the Plane of the Circle C G H, tow 
the North. The other half of the Orbit D 
will be deprefled below it, towards the South. 
right Line DC, wherein the two Circles cut 
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another, is called the Line of the Nodtf, and the Lcdure 
Points of the Angles C and D are called the NaHcs. IX, 
And rhe Nsde C, where the Mom afcends Korrk V^-vs.^ 
■ward above the Plane of the Ecliptick, is called the 'J^' ^"" °f 
afcenditig Node, and the Head of the Dragon, and i^jj^Lnj. 
ihus marked SI The other D, from whence thc/i^Nodt, «■ 
Moon defcends ro the South-, is named the defcending''"^^"t'^'' 
Node, and the Tail of the Drasen, which by t'tie^^f^.^j_ 
j^SroMomert is marked in this Manner y. If the Linew^N^, „ 
of the Noi/ej were immoveable ; that is, if it had no'^'D'agon'i 
other Motion, than that whereby it is carried round the^"''" 
Sua, it would always Joolt to the Ctme Point of the 
Eclrptick ; that is, it would always keep parallel to 
itfelf, as we (hewed the j^xis of the Earth ought to 
do : But we find by Obfervation, that this Line of the 
Ntdei does conlfantly change its Place, and Jhifts its 
Situation from Eafi to fVeJt, contrary to the Order of 
theSi^s ; and by a rerrc^rade Motion finilhes its Cir- 
culation in the Compafs of almoif nineteen Years : ?S' "'--»- 
After which rime either of the NW«, having receded £"f'J'°"'°" 
from any Poinr of the Ecliptick, returns to the tame ''' " 

r' I. And when the Mem is in the NoJc) flie is alio 
in the Ecliptick. 
HkHce It is evident, that the Afoow can never be 
oWwved precifely in the Ecliptick, burrwiceinevery 
Period, that is, when Aie enters the Noi/f/j whenflie 
is in any other Place of her Orbit, (he deviates from 
IT) and is fometimes nearer, fometimes further re- 
moved from the Ecliptick, according as fhe happens 
to be nearer, or further oil" from the Hodes : Bui (he 
is at her grcateft Diftance trOm the Nadei-, when the 
IB in the Points of her Orbit E or F, which are the 
middle Points between the Nodes ^ and thefe Point* 
are called the Li-miis. The Diftance of the Maon rix Limits, 
from the Echptick is called her Latitude, which is ^'^ Moon'* 
meafured by an Arch of a Circle drawn thro' the^'"""^' 
JWmh, perpend'cular to the Ecliptick i the Arch of 
this Circle, intercepted between the Moon and the 
Ecliptick, raeafares the Mooa's Latitude, or her Di- 
stance from the Ecliptick : And therefore fuch Cir- 
des, perpendicular to the Ecliptick, are called Circles_ 
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Lcfturc of Latiti/Je ; the Latitude of the MooTiy when it is 
X- at the bi^eft, as in E or F, does never exceed five 
«,^V^^ Degrees, and tkioni eighteen Minutes ; which Lati- 
tude is the Meaiiire of the Angles at ihe Nodes. 
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Of the Inequalities in the Lunar Mo- 
tions. The Face of the Moon, her. 
Mountains and Vallies. 
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^5f^>jBsERVATioNs havc difcovered to iw 
'l-^-fet^O- chit (he Diftance of the Moon from- 
1 the Earth does conftantly change ; 
; fomerimes the Moo» comes nearer 
to us, fomecimes goes further from 
, the Reafon of which, is, be-^ 
caufe the Moort does not move in a 
circular Orbit, which has the Earth for its Center : 
But the real Orbit of the Moan is of an Elliptick 
Formj fuch as is reprcfented in the Figure AB PD, 
one of whofe Focm's is always the Center of the' 
Earth; AP is the greater ^*« of the Eliipfe, and 
thcLineofthe -^^/o'ei; TCistheEscentricity; the 
''' Point A, which is the higheft -^pjis, is called the jipo- 
geon of the Moon j the loweJt j^pft, which is the 
Point P, is called the Tcrigetm, in which the Moo» 
comes pcareil the Earth. And if the Orbit of the 
Moon had no other Motion belides that where- 
with it is carried round the Sun, it would always 
retain 
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' Retain a Pofitiotj parallel to icftlf, and would always Lecture 

gDint [he fame Way, and be oblerved in ciie fame X. 
oinc of the Eclipcick ; and whenever the Moort t^/'V*^ 
came to that Point, it would conftanrly be at the 
&me Diftance frotn us : But this Line of the Apfdei 
is likewife obferved co be moveable, and to have aa 
f angular Motion round the Earth from the Wefi to- 
wardsihe Ej/, according to the Order of Signs; Co 
that it does not return to the fame Situation, rili after 
theSpace of almoll nine Years. 

The Motions of the Maon, and that of her Or- Th' /«p.»- 
biCj do not obferve the fame Inequalities. For, Fir/?, ''Ji".°^ '*/ 
When the Earth is in her Aphelion, at the greateftJ^'M'ti,^ 
Diftance from the Son, the Moon being fo likewife, 
the Maan does fomewhat quicken her Pace, and 
performs her Circulation in lels Time. On the 
contrary, when the Earth approaches nigheil to 
die Sun in the Perihelian, the Moon is likewife 
nesrer, and then (he flackens her Motion : Upoa 
which Account it is, that the Moon revolves 
about the Earth in lliorter Time, when the Earth 
is in her Apheliun, than when Ihe is in her Fe- 
rihtlion ; fo that the periodical Months are not all 
equal. 

Secondiyi When the Afoon Is in the S>«;'^i.i, thatis,S:fiy(u. 
in the Line which joins the Centers of the Earth and 
Sim, {which may be cither in her Oppofuion or Con- 
lun^ion) all other Things being alike, fhe has a fwifter 
.Motion round the Earth ,- But in the Qiiadratures ihe 
goes Qower, 

Thirdly, According to the different Diftance of 
the Moon from the Syzy^ia. that is, from Oppofi- 
tioQ or Conjunction, ihe changes her Motion j 
and in the firft Quarter of her Morion, that is, 
from Conjundtion to her firft Quadrature, ftie. lofos 
(bmething of her Swifmefs : In her fecond Quarter, 
from the Quadrature to her Oppofuion, (he increafes 
in Velocity: In her third Quarter, from Oppofition 
to the lail Quadrature, ihe again lofes oF her Mt>- 
lion ; and from that Quadrature to the ConjunSion, 
flie again recovers her Swifinefs. This Inequality in 
H 5 the 
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Ledture the Moon's Mtxions was firft difcoverfid by the nobto 

X. Tjcho^ who CiUed it the Moon's yariatioH. 
»_«i/-,^ Fourthly, The Moon moves in an Ellipre, whofe 
Thi Viiio- pocHt is in the Center of the Earth, round about 
^^' which flie dsfcnbea Area's pro|.x)r[ional to tiw 

Times, as the primary Plansii do round the 5»»; 
whence the Motion of the Mron muft be quickeft in 
the Perigson, and flowuf in the Apogeon. 
lUO'iui/ ^'P^h- The very Orbit of the Mum is change- 
ritMuon, able, and does not always keep the fame Figure; 
Bsjid £«- bm itsExccntricity does now and then grow greater, 
AMiwlii. ^"'^ ^°'^ ^"^ ^^^^ " diminiihcs : And it is greaieS:, 
when the Line of the A^fiJes u coincident with 
the Syzygia, or is in the Line which joins the Cen- 
ters of the Sun and Emrtb : And ths Excentridty 
19 the Icait, when the Line of the Apfidet cuts tll« 
other at right Angles. The Difference bci 
the greaicft and leaft Excenricity is So < 
derable, that it exceeds the half of the leaft F 
tricuy. 

71* Apo- Sixthly, The very Apogean of the Moan hts iA ' 
!wn*Ji«' unequal Mitioni and (Ii me times moves fctrward, 
^^" ""and fometimes backwards; when it is coincident 
with the X^i^-^/a/ Line, its Mo:ion is forward i but 
when it cuts ;hat Line at right Angles, it! Motion is 
backwards, and its Progref, and Re^refs are do 
ways equal. But when the Afooa is in herQuadrar 
lurcs with the Sub, the Aoogfoit g-oes but flow^ fol% 
ward, or even may ftand rtill, or go backwards. 
Bur when the Maon comes to be oppofite or con^ 
joined to the 5»i», the A^ogeon has a quick Motion 
forward. 

Stventhly, The Motion of the Nodes is not at 
all uniform ; for when the Line of the Noder coin-r 
cides with the Line of the Syzygia, then they 
ftand ftill without any Motion ; but when they 
cut that Line at right Angles, they go back- 
wards, or from £a/? to IVefi, with a conlidetably 
quick Motion. The mod fagacious Sir Isaac 
Newton was the firit, and the only Man, 
who has difcovercd ibe true Caufes of all thefe 
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Inequalities; andhasdemonftraredjthscthey all arife, Lefhiie 
according to the Laws of Mechanirm, from the X. 
Tiieary of Gravilatian of Matter to Matter. It is (•S^NJ 
very furpriGng, that the Moon, which of all the hea- 
venly Bodies is ncateft to us, ftiould be of filch 
difficult Accefs; and that ir fhould be fo hard to 
find out her Ways, and the Caiifc of all her Irre- 
gularities. 

The only equal Motioti of the Mosa is thai ^' """> 
wherewith fhe turns round her ylxh in the ^i^^7^L"i^r 
Time that Ihe moves round us in her Orbit; fronii«. a*"- 
whence it conies to pafs, that Oie always keeps the 
fame Pace towards us. But this very Equability in 
Rotation is the Caufc of an apparent Inequality; 
thai the Moax appears to librate about its j4xii 
fomctimes from the Eaji to the IVefl, and now and 
then from the W^y? to the Eafi ; and that fome 
Parts in the If-'efiem Limb or Margin of the Mwit 
fCCedc from the Center of the Disk, and (bmetimes 
riicy move towards it. Some of thefe Parts, which 
were before vifible, fee and hide themfelves in the 
■invilibic Side of the IHooa, and afterwards become 
-again confpicuous. Such a Motion in the Maon 
is called her Liiiration, and it arifes from the un- "' ^^™"'' 
equal Motion of the Moan in the Perimeter of her ' ""™' 
-Orbit : For if the Moon moved in a Circle, whofe 
iCcnter coincided with the Center of the Earthy 
.tnd turned round its Axis in the precife Time 
of its Period round the Earth, in that Cafe the 
Plane of the fame Lunar Meridian would always 
pais ihro' the Earth ; and the fame Face of the 
Moan would be conftantly and exatftly turned to- 
wards us. But fince the real Motion of the Moan ' 
is in an Ellipfe, in whole Facui is the Earth, 
and the Motion of the Moon about her jixii is 
equable; or, which is the fame Thing, every Me- 
jidian of the Moon by this Rotation defcribes An- 
-gles proportional to the Times, the Plane of no 
one Meridian will conllantly pafs through the 

'MMTlh. 
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For let ALP be the Orbit of the Moon, in 
whofc Focus is the Earth in T ; and when the Maon 
is in A, its Meridian M N produced, will pafs thro' 
the Earth : And if the Maan only revolved in her 
Orbit, without any Motion round an Axit^ the 
fame Meridian M N would always keep a Poliiion ■ 
parallel to irfelf ; fo thit when the Moon comes to 
L) the Meridian MN would be in the PoGrioa 
P Qj which is parallel to M N ,■ bur on the Ac- 
count of the equable Rotation, the Meridian MM 
changes its Situation, and defcribes Angles propor- 
tional to the Times ; fo that in the periodicd 
Time of the Moon's Revolution round the Earth, 
it defcribes four right Angles ; and therefore in L 
it will have the Polition m L n ; fuch that the Angla 
Q^Ln may have the fame Proportion to a ri^t 
Angle, as the Time the Moan takes to defcribc ths 
Arch A L has to a fourth Part of the periodi- 
cal Time. But the Time the Moan rakes to de- 
fcribe the Arch AL is to the fourth Part of the 
pericxlical Time, as the Area A T L is to the 
Area A C L i that is, to 5 Part of [he Area of the 
Ellipfe : Therefore the Angle C^L n will be to k 
right Angle in the fame Proportion. But tbe 
Area A T L is greater than the Arfu ACL) op 
than the fourth Part of the Area of the Ellipfe ;. 
The Angle therefore Q_Ln will be bigger than a 
Righr, or bigger than Q.LC; but Q_LC is 
bigger than Q.L T i wherefore QLN will be 
much bigger than Q_LT. The M^'ridlan there- 
fore MN, whofe Plane pilTed thro' the Earih^ 
when the Moon was in A, now the Ma»a is arrived 
at L, does not look towards the Earth : And 
therefore the Hemifphere of the Moon which is 
towards the Earthy the Moon being at L, is not 
the fame with that which was towards the Earth 
when the Moon was in A ; and thofe Parts of the 
Moon's Surface beyond CL will come under Ob- 
ftrvation, which before, when the Moon was in,- 
A, were not to be feen, being in the Side of the- 
H^VK quite oppoGte to us. But as foon as the 
MBO^ 
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Mom arrives at her Periston P, then the Meridian Leiture 
M N has dcfcribed in iis Rotation a Semicircle i X. 
and then again its Plane paiTes chro' the Earrh,ind\y'^^ 
the former Point N will be direiSly towards us, 
and be in the Center of ihe Disk. Hence it is evi^ 
dent, that this Lihration ot the Moon is reftored 
twice in each Period of the Mmn, thit is, when (he 
comes to her Apogeon and Verigeon, 

If the Surface of the Moon were fmooth andTlw S<a-faci 
polifhed like a Looking-f^laft, it would not then =/'*< Moon 
rcflcft Light upon ait Sides, and every way '•,'Ji^„',,i^. 
but it would Ihew us only in fome Pofitionseai. 
(he Image of the S«», no bigger than a Point, 
but with an immenfe Luftre Bat as in all our 
Efirthly Bodies, fo in the JWoow, its Surface is very 
rough and uneven ; u!"on which Account it dif- 
fiifes the Light by rcflefting it to all Sides, with-. 
out producing any Image of the Sun, as poliflied 
Glafles do. 

But the Surface of the Moon is not only rough ^ Dim!m- 
and uneven) but there are upon it moft prodigiou?-^."""" ' 
high Mountains, and deep Vallies, which cover ihcMoBwai" 
whole Face of the Moon: This we thus prove. '■"'*' Mo™. 
If there were no Parts in the Moon higher than 
die refl, no prominent Points, then a Right Line 
in the Dichotomy or Quadrature, and an Eliipcick 
Line in ail the other Phafe!, would terminate the 
light and dark Parts of the Disk: But when the 
Moon is viewed with a Telefcope, we find that 
there is no regular Line, which fepsrates Light and 
Darknefi in the Moon's Surface ^ but the Confines 
■ of thcfe Parts appear, as it were, tooched, and cut 
|rWich innumerable Notches and Breaks ; and even 
' 1 the dark Part, near the Borders of the lucid Sur- 
Ke, there are feen fome fmall Places enlightened 
y the 5'«n's Beams: And upon the fourth Day after 
I Moon, there may be perceived fome fhining 
H^intit, like Rocks or iinail Iflands, withm the 
^jark Body ot the Mosn^ but not far from the 
uifines of Light and Darknefs, there are ob- 
ryed oiber litde Spaces, which join 10 the en- 
lightened 
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I^ofliirc lightered Surface, but run out inro (he dark Side^ 
X. which by Degrees change their Figure, 'till at laft 
•-■V^m" they cotne wholly within the illuftrated Face, and- 
have no dark Parts round them. Afterwards we 
obferve many more fhining Spaces to arife by Dfr 
grees, and to appear within the dark Side of thB, 
JWeaw, which, before they drew near to the Cofr* 
fines of Light and Darkncfs, were invifiblc; being. 
without any Light, but wholly immerfed in tbc 
Shadow. The contrary is obfervcd in the decrca^ 
ing Vhafts, where the lucid Spaces which joined 
the illuminated Surface, by Degrees recede froDb 
it;* and after they are feparaied quite from ttrt 
Confines of Light and Darknefs, remain for (btrw 
time vifible, 'till at laft they alfo dilappeir: Now 
it is impoffible, that this ihould be, unlefs thdfe 
(hining Points were higher than the reft of the Sur- 
face, lb that the Light of the Sun may reack 
them. 
AfifMnon These (hining Points fituated in the Moai^i 
J^'^j^" Surface, without tlie Confines of the illuminated 
'Surface, are the Tops of very high Mountains. 
which riling far above the other Parrs of tte. 
Surface, are fooner reached by the Suhs Beatn^i 
and remain longer in the Light, than the reft of tbV> 
Parts do which are lower- Befidcs thefe, we HJt©- 
wife obferve, even in the illuminated Face of ilw: 
iHboff, many dark and ohfcure Spots, which feem to 
be only Caverns, or large Cavities ; on which the 
Sun fhining very obliquely, and touching only iho^ 
upper Edge wiih his Light, the deeper Places rd- 
main without Light : But as the Sun rifes hkher 
upon them, they receive more Light, and theSh^ 
dow or datk Parts, grow fmaller and ihorter, 'till 
the Sun comes at laft to (hine diredly upon them:i 
and then the whole Cavity will be illuftrated, and 
the Parts which were obfcure before, will then look 
as bright as the Tops of the Mountains. From 
thefe conftant Obfervations, it is plain to a Demon-. 
ilration, that the Mom's Face is covered witJ» 
Mountains in fome Places, and that in others ir 
■ cut with deep Pits and Caverns. 

The 
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The liviar Mountains are much higher in Leisure 
Proportion to the Body of the Moo», than any X. 
Mouncain upon our Globe ; for the Gtemettn ^*v^J 

can cake the Height of rhem, as eafily as ihcy can ^ ^"p" 
find ihe Meaiure of a Mouncain upon our E^rih. ^^-"^"'"^^ 
The Way of finding the Height of a Lunar, ti m«ii>~ 
Mountain is this: LerEGDbe tlie Hemilphcrc' '■"'" °/ '*< 
of the Moo» illuminated by the 5«n, and E C D pj'j"^. '^j^ 
jhe Diameter of the Cirdo, bounding Light andpig. 3. 
Shadow, A the Top of a Hillj within the darlc 
Part, when it firft begins to be illuminated. Ob- 
serve with a Telefcope the Proportion of the 
Right Line A E, or the Diltance of the Point A> 
from the lucid Surface, to the Diameter of the 
Moon EDj and becaufe in this Cafe the Ray of ^ Mrrhitf 
Light E S touches the Globe of the Moony A E C """/""t 
will be a Right Angle, by [he ifith Prop. Book' ""' 
Third, of Euclid : And therefore having in the 
Triangle A E C, the two Sides A E and L C, we 
can find out the third Side AC, from which 
fubduffting B C, or E C, there will remain A B, 
the Height of the Mountain. Hicehlus affirms, 
that upon the fourth Day after Nfw Moan, he has 
ubferved the Top of the Hill called St. Kath-irine 
to be illuminated, and that it was diftam from 
ibe Confines of the lucid Surface, about a fix- 
teemh Part of the Moon's Diamerer, or an eighrh 
Pare of her Semidiameter. And there-ore, if CE 
be 8, AE will be 1 ; and the Square of AC 
will be equal to the Squares of C E and E A, 
by Prtp. 47, Book Firft, of Euclid Now ihe 
Square of CE being 64, and the Square of AE 
being 1, the Square of AC will be 6^, whofe 
Iquare Root u 8;o62 which exprefles the Length 
of ACt From whence deduding BC = 8, there 
will remain A B = 0,062. So that C B or C E is 
iherefore to A B, as 8 is to 0,063. ; that is, as 8000 
ro 62: And therefore, (ince the Semidiameter of 
Ihe Jtfoow is 1 1 82 Miles, if we make the Pro- 
portion as 8000 to 62, fo 1 1 82 is to 9 ; we (hall 
nave 5 Miles for the Height of that Mountain, 
which 
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Ledhire which is therefore ihree rimes higher than thij 

X. Tods of our higheft Hilis on E^rth. 

»rfii"V*>j WHOEVER Ihtll contcmphcc the Face of the 

CttaiVarii- MoBH with aTcIefcope, will dilcein ic diftinguith'd 

'blmi iix °iht ^'''^ ^" admirable Variety of Spots \ Ibme Parts have." 

Fm, ^ ibti mod bright Luftre, and fonie Pbikfipherf have 

Moon. imagined them co be Rocks of Diamonds i othert' 

have compsred them to Pearls, or fome precioui' 

Stones-. But they fcem Co be the folid Pares oft 

hioh Mountains, which are endued with a Quality- 

whereby they flrongly rcfletfl the Light. Thera 

are again other Places and Pans of the Mooifg. 

Face, and they are not a. few nor fmall, which 

look dark, and of a duskifh Colour, which tl 

Thilofophert have fanfied to be Seas, Lakes, ar_^^ 

Thtrt art ne Fciis : Biit yet We find, that they cannot be Se«4 

^""' nor any thing of a liquid Sabitance ; for when thef 

arc looked at with a good Telefcope, we find th^' 

confift of an Infinity of Caverns and empty PitSj 

whofe Shadows fall within them ; which can nevafi 

be in' a Sea or hquid Body. Thele black Spoitf 

therefore cannot pouibly be Seas : But they cc 

lift of fome darker and fad-coloured Matter, whi 

does not refleS the Light fo ftrongly, as the foUd 

and fhining Mountains do. Bat even within thefl 

dark Spots, we obferve fome Bodies of a brighi 

Light, wherewith chey ontfliine the reft. 

jv. ci«id,. There feem to be no Clouds nor Vapours 

the Moon, from whence Rain may be genciated 

For fuch Cloiids would fometimes cover the Ftin 

of the Moon-, atid hide fome of its Regions fron 

our Sight, which we never obierve them to dp ' 

But in the Mam there is a conftant Serenity, wMri 

out any dark Weather ; and when there arena 

Qouds in our Air, the Moon conftandy appean 

with the fame Luftre. It is probable likewife, ' 

the MoDn has no Atmofphere to furround it : 

the Planttt and Start-, which fometimes are feeat 

very near its Limb, have not their Light teftadtcdj 

as it is when ic pafles thro' our Atmoiphere. 

T«» 
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The Ajiromwers have drawn the Face of the Leisure 
Moon, according as it is feen with the beft Tele- Xt. 
fcopcs; for which we are obliged to the accurate ^/"VsJ" 
Labours of thefe famous Stenographers Florenfruf,'^'^^"i°- 
Langriwis, John Heveli'm of Dantmigf t''"''*'''''^"* Aftrono-" 
and Rkciolus, IsuUans; who have taken particular mm mA* 
Care to note all the (liining Parts of the Moon's ^f^ '''- 
Pace, and for the better diftingui(hing them, thcy-^J^^. ' 
have given to each Part a proper Name. £.as-Sar/«. 
grenus and Ricdolut have divided the Lunar Re- 
gions among the tbihjopbers and Afironomers, and 

[ OEher eminent Men ; But Uevelius, fearing Icit 
h; Thilafiphers fliould quarrel about the Divifioa 
(t the Lands, has fpoiled them of this their Pro- 

jsTBCfiy, and gives the Parts of the Moon thofe Geo- 
gr^apiica/ Names, that belong to the different Iflandsj 
Countries and Seas of our Earth, without any Re- 
gard to Situation or Figure. 
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LECTURE XL 

^J the Obfcurathns or Eclipfcs of the 
Sun and Moon. 



iIhere is nothing ia Aflrammyy which 
fiiews the great Sagacity of human 
Underftanding, and its deep Penetra- 
tion more, than a clear Explication 
of the fudden Difappeanngs of the 
**»» and Maon, that is, of their Eclip/h; and the 
Accurate Prediftions when they are to come to 
Pa.Is, which the Alirojiomers can now forete! al- 
'*5nft to a Minute- Tho' this be the nicelt and 
nioft fubtle Speculation of our Science, yet it is 
Certain and undoububle, than which nodilng 
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Lefture can be more fubiime, or worthy of our C3au 
XI. plaf 

jtn Ecliffi, 



The Word EcUpfe is derived from Che ( 

hiiiru, which fignifies to faint, or to fwocM 
away : So fick and tiying Perfons, when a fwooiK 
ing Fit, and a death-lckc Faimncfs comes oveif 
them, were fatd by the Greets to fell into aK 
Eclipfe : After the fame Manner the Moonj wha 
flie fliines with a full Face, if ihe falls into w 
Shadow of the Earth, docs lofc the enliveniii|^ 
Beams of the Sun's Light, and grows pale, as if fliS 
were about to die. And the Sun again, wheo tW 
JWoiw imerpofes her Body, and deprives us of hW' 
Hear and Light ; tho' in himfelf he retains htf. 
Luftre, yet to us he feems to vaniih and gro4il 
dark- At fuch Titnes the Sua and Mmn are (aid 
to fuffer,-and fall intq an Eclipfe. Thefc Eclipfa 
muft be here explained : And, that wc may begfi] 
from the fir ft Principles; 

It is to be obferved, ihat all opake and darit 
Bodies, when chey are expofed to the diredi Light 
of the Sun, caft a Shadow behind chcm, that i 
cppofitc to the Line the Sun is in. This Shadoof 
is nothing but the Lois or Privation of Light, ift 
the Space oppofice to ihe *h», by reafon the SuiA 
Rays are intercepted by the opake Body. N"m 
fioce the Earth k an opake 13ody, it muH lUixwif 
caft a Shadow towards the Space oppofite to tti« 
SuTij in which Space if the Moon fliould come, il 
muft necelTarily be darkened, and lofc the LiglM 
which it had before from the Sun. And becaij 
the Figure of the Bartb is Spherical, the Figt ^^ 
of the Shadow would be Cylindrical, if the Eat 
and San were of equal Bignefs ; or if die Edt 
were bigger ihan liie Sun, [he Shadow would hat 
the Figure of a Cone, which had loft a Piece at h 
Top or Vertex ; and the farther it were extended 
would grow thicker and thicker. 

And in both thefe Cafes, the Shadow woul 
run out into infinite Space, without ever haviil 
an End : And then it would involve foroetime 
the other T!.insti^ Mars, Jupiter and Satttrn, with^ 
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i[, when they come to be oppolicc to the Sm, Le^ure 
1 enter within thic Space: But this is never XI. 
bblerved, for then thele TUnett wouJd he l^V^j 
fcclipfcd: And therefore the 5u« tnuil nccelTirilv J*' Sun 
fbe greater than the Earth-, whofe Shadow ^^^^ ,hc'ilt^ 
\ confequcntiy be of a conical Figure^ and end in a 
, Point. 

But the Moon, iince its Diameter is contained 
Ktbout three times in the Diameter of the Shadow, 
B*id the Diameter of the Shadow is let than thac 
■of the Earth, mu{t needs be much kls than our 

Let S repreient the Sun, T the Earth, and PIsie V[. 
tlieConc ABC the Shadow. It is evident, chcre^iE- 7- 
can be no Line drawn from the Sun, to any Point 
of the Space ABC, which does not fall upon the 
^»rth : And therefore) fmce the Earth is an opalte 
■fiody, it will not fufFer aiiy Rays to [ais through^ 
t)r to illuftrate the Space ABC. Now if the Moe*y 
Xiixa flic is oppofite to the Sun, ftiould come into 
VbisSpace, fhe muft then be involved in Darknels; 
and would then fuffet an Eclipfe in the very Time 
«F Tull Moon. 

The Moort likcwife, upon the fame Account, (^/"i™ '*«» 
anoft have a Shadow of a conical Figure oppo- ""' ^''PPf , 
*te to the Suii and if this Shadow fUoitid faW'l^f 
»]pon the Earth, which can never happen, bur when 
■^hc MoOM is in Conjundtion with the Sun, the In- 
"liabitflnts of the Earth, on whom the Shadow fails, 
"Vili be involved in Darknels ; and the Sun will 
*«ein to them to be in an Eclipfe, fo long as the 
Shadow covers them; but becaufe ihe Mean is 
■Tiuch lefs than ihe Earth, its Shadow can never 
<:::over the whole Earth, but only a fmallPart of iT,Plsie vn. 
rijch as BC: And within thatSpace only,where the^'E- '■ 
^Shadow comes, there will be total Darknefs; and 
*^e reft of the circumjacent Places will be illu- 
ftrated with fume of the Sun's Beams, and their 
inhabitants will only fee a Part of the 5«»'s Disk 
obfcured ; which will be greater or left, accord- 
. 'tig as they are nearer or further removed from the 
I Shadow ■■ 
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Lefture Shadow : Panicularly, chey who live about P, 
XI. fee half the Suv eclipfed ^ but whofoever lives 
%.y~\^sm tweeo M and N, will fee at the fame time all 
ft /™< Skw's Body, and perceive no Eclipfe. 
j^ „ Hence it is manifeft that there can be do 
Ecliffi may Eclipfe of the Moan but in FnU Moaju^ when flie 
it laai, in is oppofue to the Sun ; as [he Shadow always is. 
^*J" Ci ;« ^"'^ '■^^ there be any Eclipfe of the Sany but in 
nffcjri lai N''"' Moons, when llie is in Conjunflion with tha 
*( •//. Sun ; for then only ihe can caft her Shadow on 
^' ". the Earth. Since [hetefore in every Month there 
(ieSunidp-'^ One Full Moon, and one New Moon; it may be 
ftti. asked how it comes [hat the San and Moea 

do not fufFer Eclipfes every Month. And indeed 
if the Moon did always move in the Plane of the 
EcUptick, (ince the yixii of the Shadow is always 
in the fame Plane, the Moon would then every 
Fuil Moon pafs [hrough the Body of the Shadow> 
and there would be a total Eclipfe of the Moon. 
So iikewile in every New Moon, if fhe were doc 
then too far off us, (he ihould caft her Shadow 
on the Earth, and produce an Eclipfe of the S^n, 
in fome or other of the Regions of the Earth. But 
the Cafe is oiherwife ; for we have ihewed, that 
the Plane of [he Moon's Orbit does not coini 
with the Plane of the Ecliptick; but that it 
it in a Line which pafTes thro' the Center of 
Earth : And therefore the Moon is never in 
Plane of the Ecliptick, but when it is in 
Line, which is the Interredion of the two Planes, 
that is, when it enters the NeJei. And therefore, 
when it happens, that the Moon ar Full ihdl 
likewife be in one of the Naiies ; then the ^.' 
of the Shadow wilt pafs through the Center of 
Moon, and then ilic will be in a total and ci 
PUte vn. tral Ecliplc. Let the Circle M N reprcfent 
%■ »■ tranfverfe Seflion of the Shadow, at the Did: 
Tmrit""' °^ ^''^ Moon-y and the Line CD a Portion 
eJmii af the Orbit of the Moon, which the Moon defer' 
fie Moon, in rheTime of Full Moon:, which, becaufe it is 
a fmall Portion, may be well enough reprefcni 
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by a right Line : Let the right Line B G A be in Lefture 
the Plane of the EclJptick, and let F be the Pofition Xl, 
bf the Moon'% Center, when fhe firft touches the *«'V^ 
Shadow i E the Pofition of the fame Center, when 

e firft leaves it ■■, G the fame Center of the Moortj 
when the -^xii of the Shadow pafles through it ; 
It is evident, that fuch an Eclipfe will be Central 
tod Total ; and there will always be fuch Echpfes, 
when the Center of the Moon, and Axis of theSba- 
dow) meet in the Nodes. Hence the Duration or 
Time chat an Eclipfe can laft> may be as long as 
the Moon is pafiii^ through an Arch, that is, equal 
lo E F, or four Diameters of the Moon ; that is, 
abojt two Degrees, which Space the Mook gene- 
rally moves through in the Space of four Hours. 

Because of the Lirgenels of the Diameter of the 
Shadow in Comparifon of that of the Moon, there 
may be total Eclipfcs, which are not central, where 
the Nodlf does not coincide with the Axis ; and 
■may even lie without the Shadow, as the Figure pIikvii. 
.iilfficiently (hews. The Node may likewife be ac'^'E- i- 
■fiich a Diftance from the Shadow, chat there may 
be only a Part of the Moon's Body that can enter it ; 
'snd then we ihalt have a partial Eclipfe of the Moon, Paniai 
.SB is manifeft by the Figures; and thefe partial ^j^^'f'^^-j 
.Eclipfes will be greater or lefs, according as theDi-pig",^ j." 
ftance of the No^e from theShadowisielsorgreater. 
But when it happens that the Nade, in the Time of 
tullMton, is further removed from the Axis of the 
Shadow than twelve Degrees, the Moo^ then will 
Jiavc fo much Latitude, or its Diftance from the 
Ediptick will be lb great, that it cannot be obfcured 
by cnfc Shadow. 

As the Shadow of the Eurth caft upon the Moon Ee!,g„ rf 
produces an Eclipfe of the Mook, lb, if the Shadow '*( Earth. 
of the Moon (hould fall upon the Earth, it will 
Cau& an Eclipfe of the Earth, at leaft on chat Part 
of the Earth on which the Shadow falls. For the 
■» being much Icfs than the Earthy cannot with 
its Shadow involve the whole Disk of the Earthy 
only a very fmall Part of it ; and fo all the 
Ecliples of the Earth will be Partial; and no: Total; 
I and 
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Leifture and foch Eglipfes will only produce a Darkncfs upon 
XI. thofe Places where the Shadow falb ; and the Inha- 
L/^!)^^ bitants wiihiii [his Shadow will only Tee the Su» to- 
tally darkened, and therefore they will call [hem 
Eclipfes of the Sun : But ihis is improperly at[ribute[i 
to tlic Suit, who all tho Time retains his Light 
wiihovit ihc leaft Diininiition ; and k is only thofe 
Inhabitants of the Ear/i that are under the Shadow, 
that arc truly eclipled, and involved in Darknefs. 

That we may defceiid more particularly to eK- 

pbin the Phinomena or Appearances of Eclipres; 

It will be requifiie to (liew the Method of meafur- 

iag the Dimenfions of the conical Shadows of both 

Earth and Moon : Fot which Purpofe we will firll 

lintidra ^^y down the following Po/^«/ar(/w .- If from the 

/™ ifi^™" Center of 'the inw, there be drawn right Lines to 

Cintrr of til every Point of the Earth, or lo as many as yo* 

^iM^/f'i P't^'^' ^^^^ ^'"^^ "'^y *" *^'" ''^^"^ ^^ efteemed 

Euth, Jflj parallel. For parallel Lines are fuch as do not nr~ 

ic raten/J till they are produced to an infinite Diftancej 

tiparaiUi, therefore fuch Lines as do not meet but at a 

ftance immenfly great, in Cotnparifon of the Di' 
ftance of the Lines from one another, are nearlyi 
or, as we may fay, phyficallj' parallel j that is to fay,. _ 
they will have the fame Effe<il in Naturci and the 
phyfical Obfervations that are to be made from 
them) will be the fame, as if the Lines were abfo- 
lutely parallel. Now the Didance of the Earth 
from the S»« is fo great, that the Diameter of the 
Earth, compared with it, is but as a Point, as ia 
now acknowledged by all Maihematicians ■, for this 
Diameter, feen from the Sun, does appear under an, 
unperceptible Angle, or which is fo' rmaJI, that the^ 
Eye cannot obfcrve it, and the Earth appears o'" — 
like a Point : And therefore In Comparifon of 
great Diftance of the Sun, it vanifhesj and ecu 
quently Lines drawn from the Center of the St^ 
to different Parts of the Earth-, will be at leaft phfe 
fically parallel. Moreover it is knowii in Gcomb 
try, that ,if a right Line falls upon two other rig' 
Lines, fo as to make the two internal Angles t 
the lame Side equal to two right Angles, that ibe( 
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two Lines on which it falls are parallel, by 29 Pnp. Lefture 
BookFirft, oi Euclid. Le[ therefore the Line AB, XI. 
be the Diameter or Semidiameter of the Earth, and V-^V"^^ 
C the Center of the Sus; drawing AC and BC, Pbttvm. 
the Angles A, B and C of the Triangle ABC are^'E. 6. 
equal to two right Angles : Now the Angle C at 
the SiuK vanilhes, and is next to nothings for the 
Earth, feen from the Sun, looks like a Point ; and 
therefore the Angles at A and B muft make by 
themfelves two right Angles very nearly, and there- 
fore the right Lines AC, BC, are nearly parallel. 
It is upon the fame Account, that if there be taken 
Iwo Threads with Plumbers to make (hem hang 
perpendicularly, the Diredtions of thofe Threads 
are by all Arrilicers elteemed as parallel, though 
their Direftions will meet at the Center of the 
Earth, to which all heavyJodies have a Tendency 
or Propexfon. 

What wc have faid in this Cafe concerning the 
Earth) is alio true of the Mbbx ; for its Diameter 
has a much lefs Proportion to rhe DiiVince of the 
.5m, than that of the Earth his to it. And not 
only Lines drawn from the Sun to any Points of 
the Earth and Moan^ are to be reputed parallel ; 
tnu if there be two Lines drawn, one from the 
CcDter of the Sun to the Earthy the other from 
tbence to the Moon, chefe may be likewifc taken as 
Pjuallels; for they will not fenlibly differ from n 
JParallelifm, efpecially in theTime or Eclipfes: The 
Dif^ence of thefe Lines from real Parallels is lb 
fioall] that it will make no fcnliblc Error in the 
Calculation of Eclipfes. 

We likewife premife the following Lfwraa, which 
is eafily deraonftrated : 

If tiuo right Lines A E, BF, touch a Circle, "xdp^^^g yjj 
tktrt he draiuv froia the Foints of ContaB to the Fig. 7. 
CinUr the Lijtes AD, B D j the j^ngk at the Cen- ^ Lemnw. 
ttr (OHtain'd under thefe Lints, 'wilt he equal to the 
^Amgla that the Tangents taake 'with one another. 
For in the four-fided Figure GABD, aJi the 
.Angles malce four Rights : But the Angles A and B 
I a make 
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Le&ire make two Rights, by the i8thPro;>. BookTbirdji 
XI. Euclid : Wheretbrc the Angles AGB and D, ai 
W*^ equal to two Riglics. But by the ijth Frop. Boo 
Firft of Euclid, the Angles AGB and E G B, 
equal CO two right Angles i and therefore the Angle 
D and EGB are equal, fince the Angle AGS 
makes two right Angles with either of them. 
■nw c/««. Let the Circle A B K reprefcnt the Globe of tl__ 
-^ °{_'^' EtiTih, A M the Line which joins the Centers of 
iU^'JLi tl'^ ^'"* and Earth ; to which let the Diameter 
Stadnv. C B be perpendicular ; If from B there be drawtt 
Pjjie vif. to the Center of rhe Sua the Line EF, this Line 
*■ ■ will be parallel to the Line CM, as has been 
fliewn : Make the Angle BCD equal to the app». 
Tent Semidiameter of the Svn ; that isj equal to thC' 
Angle under which the Semidiameter of the Sun &' 
feen from the Eiirfii,^gnd then through D draw the 
Tangent D G. By the lAsmma above demonftrace<^ 
the Angle G E F will be equal to the Angle BCD, 
or to the apparent Semidiameter of the S**; and 
therefore, fince the Line B F produced goes to thfr 
Center of the Sun-, the Line G E D mull touch iB 
Circumference, and it will alfo touch the Earthy 
and being produced, will meet with the Axis of the 
Shadow CH in H, fo chat the Angle DHC wS 
be half the Angle of the conical Shadow. Now^ 
becaufe EF is parallel to MH, the Angles DHC 
and G E F are equal, by the 29th Pro/p. Book Firft. (i 
Euclid. But G E F is equal, as has been flieWed» 
to the apparent Semidiameter of the Sun i where- 
fore the whole conical Angle K.HD is equal to 
the apparent Diameter of the Sun. 

The fame Thing is to be dcmonltrated of the 

Moon-, and univerfally, the Suif% apparent Diatne- 

ter remaining the fame in all Spheres, which are 

not bigger than the Earth ; the Angles of the co- 

^bejt ^r.- nical Figures which include the Shadows are all 

^'"'"i^h ^l^i^'j a"'' ^" ^^'^''' Shadows will be fimilar Fi- 

^™j,, ""gures. This may likewife be dcmonllrated in this 

tjitai. ivlanner : 

Let 
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Let AG F be the S«„, DH E the Eurthy S C Lefture 
a Line joining, the Centers of the Sun and Earth, XI. 
.A D a right Line which touches both Bodies ; and »-^^/-^ 
1« the Lines AD, SC produced, meet in iVl; theP!"" '^"■ 
Angle AMS will behalf the Angle of the Ihadowed*^'^' *' 
Cone. Now in the Triangle S D M, the outward 
Angle ADS is equal to both the inward and op- 
polite Angles, by Prop. 52. Book Firft of Euclid ^ 
that is, the Angles D MS and DSM are equal to 
the Angle ADS; but the Angle D S M is nothing, 
or next to nothing, being the Angle under which 
ihe Semidiameter of the Earth appears 3S fcen from 
the Sun ; and the ^^ngle A D S is the apparent Semi- 
diameter of the 5«»i therefore the Angle DMS, 
or the Semiangle of the Cone, is equal to the ap- 
parent Semidiameter of the Sun. 
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LECTURE XII. 

Of the Penumbra and its Cone } the 
Height of the Shadow, and the ap- 
parent 'Diameters ef the Shadows. 



SIDES the Shadow which is deprived 
I of all the Suns Light, there is a certain- 
|| Space which is buc a partial Shadow* 
p| and is called a Penumbra ; for tbo' ali.', 
the Sup's Body does not illutninare i^" 
there are, for all that, Rays coming from Jbme Part j 
of rhe Sun, which do enter it, and render it lucidi^ 
the reft of the i'<i;^B Beams being intercepted by the: 
opake Body of the Earth ; and the Parts of this Pe»- 
unibra will have different Degrees of I!Iuinination», 
according as they ate nearer or farther removed 
from the Shadow. The Space of the Fenumhra 
to be determined in this Manner : 
[. Let the Circle A E F G reprefent the 5rrt», H E D 
any opake Sphere, for Example, the Moov, it being 
hei Penurnbra that we are at prcfent concerned 
with ; S C the Line which joins the Centers of both 
Spheres. Draw the Line EDO, couching the left 
Side of the Suit, and the right Side of the Moon, 
and the Line A H P> which touches the right Side ' 
of the S(i»j antl the Left of the Mqok : Let chefis 
two Lines cut the Litic S C in L The Point I re- 
maining imiiraveable, either of the right Lines 
I DO, or I HP, being extended indcfinicciyj lee 
them be turned round the yfxis IM, with a coni-^ 
cal MotiOHj fo that they may always couch the 
Globe \ 
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Globe of the Moon; there wil! by tliat means be Lecture 
generated an indefinire conical furfece, including Xlf. 
both the Shadow and tlie ctrftimambisnc Space ^•V"*^ 
ODM PH M ; inro wiiich Space fomc Ravj of 
lhei'»raarc hindred frcruenRTingbj' the opake Body 
of the Ma\m : And this is the Spict which wc call 
the Penumbra, which is darker in X or V, which 
are nearer the Borders of the Shadows, than In V 
and N, which are nearer the conical Surface. For 
the Flares X and Y are illuftratcd with a fmaik-r 
Portion of the Sob's Disk, than the other Places 
fijrther diftant from the Axis of the Con;, No»'> 
jf the Earth come within this Space, a certain Por- 
rion of its Surface at S may be included in the to- 
tal Darknefs, and the Inhabitants of that Rcgiotl 
will fee a total Eclipfe of the Snn ; but ihofe who 
've without this Shadow, but are ftill within the 
^ti^imbral Space, as about Q^and X, wi!l have no 
Darknefs, fbme Part of the Sun's Disk being 
Vifible, while the reft is hid by the Moon. 
If let us draw from Q_the Lin^ CLD, touch- 
Ig the Globe of the Moan ; which being produ- 
;ed to the San, the Point Q, being immoveable, 
* ttte Line Q D indtfinitelv extended be moved 
J a conical Motion rouna the Mocn, the co- 
Cal Surface it defcribes, will cut off a Por- 
ai of the Sun's Disk, which is covered by the 
bin. 
_, We find the Dimenfions of the Cone of thePlJwvnt. 
yHmtUbra in this Manner : Let the Circle HDL!!.'?-'' 
irefent the opabe Sphere of the i'ftcn, SC the_^^,'j ^ "«" 
le joining its Center with the Center of thcfw^fsV p^- 
»; and let CSj the Semidiameter of ih; Moon,"'"^"- 
if perpendicular to CS, and 8F p:iral!cl to it 
iliching the Mov! in B, Make the Angle BCD 
^al to the acip.ircnt Semidiameter of the Shjij 
tsd throLtgh D draw DG a Tangent to the 
Kwff. And by the Lemma premifed, the Angle 
"EG will be equal to the Angle BCD, or to 
" nmarCilC Settlidiameter of the Sun ; and there- 
* I 4 fore. 
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1 iVurr t»^ri\ ixwc tho Line F.F goes to the Center of dn 
\ll N. '\ the l.iiii.* r. Del mull touch the inferior Limb 
^^•X^*'' ih^- Ni.v; Hat it alio touches the Moon; nd 
iluMvMou* tlu' Poiiu I of this Line being immoveabkb 
II \\ I. L.LMiv\{ bv a conical Motion round die 
i*r»»»*, ii will i»encratc the Surface which incliuki 
x\\c \W*iuf';i:\i, And beciufe of the Parallels E Fy 
i*S, I no alti'Muto Ani»los FEI and E IC will be 
cc^waX , Inii iho Ani;lo KIC is the Scmiangle of die 
i\Mu\ and FKl is the apparent Scmidiamecer of 
the >*•; ; and ihci clove h.ilf the Angle of the Pfl»- 
••vrr,;/ v.\mu* is al\vi\ s cqu.il to the apparent Se- 
n\iduinc:oi <\\ ihc Su^t. The Cone therefore of 
the lotjl Shadow, and that Part of the Tenumhsl 
L\nio whuh hcs between the Sm: and the Moony are 
cKjuil and liniilar Fijxures ; for they have their ver- 
lu d Anj», U*s and Rai'os equal. 
v\u vm. I'lu *nei*;h: of the Sh.idow of the Earth it 
*'*■ *■ thus diMoriumcvi : Lot CT be the Scniidiaraecer 
oX \\\c h\krrl\ TM the lleirrht of the Cone oc 
Shadow: If TM be the Radius, CT wiU be 
the Sine of tho Ani\lo T M C, which is half tfaq 
Anjj»lo of tho Cono. And this Angle is equal to 
tho apparent Somidiameter o\ tlie >'«», as has been 
niowtxu and in the mean Dillancc of the Suny ii 
it^iLi^b! alvut 10 Minutes Let theietbre the Sine of i6 
^Aith'i Mnv.uos bo to tho Radius, as the Scmidiameter 
A«uXt4». ^^f ihe K.<»r/> to a Unirth ; and \vc (liall findTM 
coual iv^ ii4, S Semidiameters of the Earth: But 
when the Smh is at his greateft Diftance, half the 
Anglo of the Cone is i^ Minuces, and 50 Se- 
conds ; and the Height of the Shadow becomes 
217 Semidiametors of the Earth: And fince the 
Diameter of the Earth is to the Diameter of tho 
J^Ioo/t^ as 100 is to 28 ; the Altitude of the 
Earth's Shadow will be to the Altitude of the 
Moons in the fame Proportion ^ for the conical 
7^Hti£ht Shadows are hniiiar Figures ^ and therefore the 
jiioon'i Height of the A'oo7i\ Shadow will be 59)3^ Se? 
Si^^, midiametcrs of tho Earth. Hence, if the Diftance 

of 
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f the Moon from the Earth be greater than her LefVuie 
pean Diftance, w'nich is about Co Semidiame:ers XII. 
f the Earth) the Shadow of the Moon cannot ,. 
pach the Earth ; in which Cafe there may be a 
entrai Eclipfe of the Suti, but not a lo:al one ; 
lut round the Mnan, there will appear Part of the 
'«'s Body, in the Form of a luminous Circle, 
hich, like a bright fhining Ring of Gold, will 
mbiace the Body of the Moo?i. It alfo follows, 
lat if in the Time of ih? Eclipfe, the Anomaly 
f the MeoH be lefs than three Signs, or bj^cr 
an nine Signs, there can no-where be a total 
Jipfe of the Sun i for in all thefe Degrees of 
Inoroaly, the Diftance of the Moon is greater than 
er mean Diftance. 

I To find how much of the Earth's Surface cunTin Ptmai 
t involved in the Moan's Shadow in the Time ^'^^"'V' 
an Eclipfe, when ir dircdly falls upon it :^?''^',-,. 
us fupporc the Diftance of the S/tn to be^^w « 
B greateit that can be, in which Cafe tlic'*'^*"''^'- 
neight of the conical Shadow of the Mooit is 
sbout 60 Semidiameters of the Earth: Let us 
likewife (uppofe the Diftance of ihc Moon from 
Bs, to be the leaft that can be, that the Earth 
may receive the moft of tlie Shadow. This Icift 
Diftance of the Moon from the Earth is about 
ja Semidiametcrs of the Earth : Now let LP''" vni, 
leprelcnc the AfiwB, and T the Center of the'^'^'''' 
LEirrf; LT the Diilance of the Moon from the 
|.X«r/jt, which is equal to ^ci Semidiameters; 
Fipd fince L M is «o, T M muft be four Semi- 
' diiineters, and T B will be to T M as i to 4. 
But as TB is to TM, fo is the Sine of the 
Angle TMB, which is 1/50", to the Sine of 
the Angle T B M i by which Means we find 
the Angle T B M to be 67, Minutes and 10 
Seconds. But the Angle ATB is equal to 
both TMB and TBM, by 52 Fro;,. Boole ift. 
of Euelid; and therefore the Angle ATB is 79 
Minutes, and fuch is the Arch AB; the double 
of wliich is the Arch BC, equal to 158 Minutes, 
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Lefture or to 180 E«g/'/* Mil«. Wc have here fup[ 
, Xn. [lie ^xh of the Shade to pais thro' the Center 
V^^Xi/the E^rth; which it does when the Centers rfi 
Sun, Ear!h,anA Moon, are in the fame Right L' 
precifely : But when the three Centers do Dot 
m the fame Right Line, the conical Shade is 
obliquely, and the Figure of it upon the Earth] 
Oval, wbofe Diameter is eafily to be dHcrtnr 
by the Diftaiicc of the Moon from the J«» 
from the Center of the Earth, 
nnommbcf If we inquire how much of the Sutfflce 
li. ^r/icTjijg Earth can be involved in the PrmmAM, 
"udtJ in "h, may be found by this Means : Let us fuppofe 
Prnumhra. Apparent Diameter of the Sun to be the greai 
P/=ic VIII. „iiich is when the Earib is in her ftribti . 
''■^* and is about 16' 2j^'. Let ABD be the Ed?) 
1, the Moon, and A M B be half the Angle of 
Cone, which is Hkewife 16' 2^": By which 
(hall find the Height of it L M, etiual to 
and a half Semidiameters of the Earth. Let 
^1 MooTt be in her A^igtOTt-, and therefore at 

^fe greateft Diftance from the Earth, which Is 

^B Semidiameters of [he E^rth ■, and TM is 

^M to both TL and L M, that is to raii Setnit„ 

^m meters. But by a Trigonometrical Theorem, T6 

■ is to T M, as the Sine of the Angle T M B is 

■ to the Sine of the Angle M BN or MET. 

■ But TB is lo TM as i is to laii, and the 
^P Angle TM8 is 16 Minutes 2^ Seconds; and 
^R therefore wc (hall find out the Ai^e MBN 
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be 3^ Degrees and 4.1 Minutes, "which Ai 
is equal to both the Angles TMB and M' 
If therefore from the Angle MBN 55 De^M 
42 Minutes, we fubtrad the Angle TM!^ 
there will remain the Angle M T B 55 Dqrree* 
25 Miniitesj which is the Meafure of the Arch 
AB; whofe double 70 Degrees and 50 Minutes, 
is equal to the Arch CAB>wbich makes about 
4900 Englijh Miles. 

If the conical Shadow of the Earth at the 

Diftance of the JMImb, be cut with a Plane 

perpea-. 
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aidicular to its ^>r«, the Seflfon will be Lrfture 
^5rcle, which is called the Shadow, whofe XU. 
pparent Diameter feeii from the Center of the -^"VSJ 
vTth is thus determined: Let T be the Ccn-'*' ji^- 
r of the 'Earth, CMT hilf the Angle of xh^'"' .f'^u' 
sne, ¥LH theSetSlion whofe Diameicr is FH.siflji„ ^ 
aving the Angle of the Cone, we by that '^' Ejt,h ai 
[cans can find its Aldcude T M; buL we" havcV^^^"^' 
b TL, the Dilfance of the Mom from theXr'rLflcJ." 
wth ; and therefore we can find ML: But ""lote vjii. 
I have alfo the Angle FIVIL; thej'cfore we*^'^' 3- 
□ find out FG h:ilf ihc Diameter of the Sha- 
rw at the Diftance of ihe Moon : And therefore 

the redangled Triangle F T G, having the two 
ies FG and TGj we can find by Trigono- 
Etry the Angle FTG, the apparent S.smidia- 
erer of the Sliadow feen from the Center of 
i Earih. h may likewifc be thus found : Having ^a„i„ 
r the Dillance of the Moon from the E^Tlh,ef^fidiniiEi 
d CT the Semidiaroeter of the Earth-, in ilie/"""' 
riangle CFT, wc may iind out the Angle C FT, 
lich is equal to the two Angles FMT and 
TM: If therefore we fubtradt the Angle FMT, 
lich is half the An^le of the Cone, from tha 
igle CFT, we (hall find the Angle FT M or 
TL: The Angle CFT is the apparent Semi- 
ametcr of the Eurtb, feen from the Moon, and n 
lied the Hmicontjl Farallax of the Moon, the "TZi Hon". 
eaftjQ of which we fliaii i>tew,when we come to'"";fal P^- 
M. about Varallaxes. Thtfe apftarcnC SemitKa-J^^^^'^ 
Cters of the Earth, or Horizontal VaraUaxes of 
e I^Soon, conftanily vary as the Dilhnce of the 
'oon docs, and they are found ready calcukccd in ■ 

Agronomical Tables- 

Let si M be a Portion of a Line in the Plane Pbie vm, 

the tcliptick, SLL a Ponion of the Lunar Fi£- "S- 
rbit which the A'saw moves through, about 
e Time of Fu// Moon ; which becaufe it is fmall, 
ay be reprcfcnted by a Right Line. Lee the 
ircle FMO repreibnt the Shadow of the 
rrth at the Diftance of the Moon, and irs Cen- 
F G i G L is the Latitude of the Moon in the 
Time 
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Lcdutc Time of Futt Moan, which is almofl: equal torn 

XII. fliortcft Dillance of the iWiwn from the PUm 
x^'-v^the Eclipcick- It is toanifeft thai if G L.,die L 
pfaie IX. tude &f the Moon, be greater than the Sum of 1 
Fig. 1,1. Semidiameters of the Moan and Shadow; thcii'] 
MooH will no Part of it enter into the S 
But if the latitude of the Maoa be juft equt 
thefc two S<yni<:iianietcrs, then the Litnb of J 
Moan will juft touch the Shadow, but not fl 
it ■. But if the Latitude of the Miton be Ie6 i 
this Sum, but greater than rhcir DrfFcrent:e, i 
will be a piTtial Eciipfe; and if the Latitude^ 
the MaoK be Icfs than the Difference of the S 
diatneters of the Moatt and Shadow, the I 
will be toral ; And by this means wc Can I 
^^^jf^j^out the Eclipdck Terms or Lmrrs, which arc » 
y e ipjii. ^^^^ .p ^^^ Diftances of the Mooit from the 1 
be leis than they are, in the Time of PnU J 
there will be an Eclipfe ; if greater,* diere ij 
Plate ra. be no Eclipfe. Let Si S reprcfcnc a Port 
Fi8- J- a Line in the Plane of the Eclipcick, 

the Earth's Orbit ,■ SI, L, a Portion of the 
lit Limiu Orbit ; S L, the Latitude of the Mooit) when acil 
dHirminii. ^j,(j igt yj TuppOfe the Lacicude to be ilict^ J 
the Margin of the Moan may juft touch the a 
dow, and let the Node be at Si. The / 
L SI S is the Inclination of the Orbit of tl 
to the Plane of the Ecliptick, which is five I 
grees; and LS the Latitude of the Moo»i ■ 
its Limb couches the Shadow, equal to 661$ 
iiuces i and cherefore in the reftangular Triw^,^ 
SLLS, hiving LS and the Angle L fl, S, we , 
can find SlS, the Diftance of the Node from the 
Point of the Ecliptick oppofite co the Sun, which 
is 7^4 Minutes, or 12 Dtgrees 34. Minutes. And 
if in the Time of Full Mooh, the Moon's Place in 
the Ecliptick befurcher diftaotfrom theNei^c, than 
12 Degrees 34 Minuces, there can then be no 
Eciipfe of the Mooa. 

Let L be the Center of the Moan, whofe coni- 
cal Shadow is D ME. Imagine this Shadow cut 
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rt the Diftance of tlii: Earth, with a Plane per- Leflurc 
aendicular lo its j4x'<s -^ the Seftion will be a Cir- XII. 
;lci whofe Semidiamecer TP is called the Semt- \_iry^^^ 
diameter of the Moon's Shade ; Now the Angle p1"= nt, 
under which this S em id iameter appears, fecn out^'*"*' 
of the Moon, is equal to the Difference of the Se- Tbr oiame- 
midiameters of the Sun and Moon feen from thC" 'f 'tr 
Sarefo: For the Angle LPD is the apparent Se-f^''l'f'"- 
midiatneter of the Moon feen from the Earth, e^^^'^1^ 
Vhich is equal to the two internal Angles P M L/™ f'^m 
and PI. M; and iheretbre, if wc fubtraft from'*'"""^ 
ihe Angle LPD, which is the apparent Semi- 
diameter of the Moon, the Angle P M L, which 
is equal to the apparent Semidiameter of the Sua, 
there will remain the Angle P L T, the appa- 
rent Semidiamecer of the Shadow fcen from the 

Again : Let L be the Center of the Moon, A M B P^" li- 
the Penumbral Cone of the Moon, extended as far^'** '" 
as the Berth, and its Jixis lAT; if this Cone at 
the Diftance of the EariA be cut by a Plane tranf- 
verfely, the Seflion will be a Circle whofe Semi- 
diameter is A T, and is called the Semidiameter of 
the Fenumbra. And the Angle under which it ap- 
pears from the Moon, is the Angle TLA, which 
is the external Angle of the Triangle L M A, and 
is equal lo both the inward Angles LAM and 
L M A. But the Angle L M A is half the Angle 
of the Cone, which is the fame with the appa- 
rent Semidiameter of the Sun ; and M A L or CA L 
is equal to the apparent Semidiameter of the Moon 
fecn from the IJ^rri; and therefore the Apparent tj, ^^m. 
Semidiameter of the Fenamhra feen from ths flIoon,'""S'm'-ha- 
is equal to the Sum of the Semidiameters of bothp"' °/ '** 
the SuH and Moon. 

If the St/n had no apparent Motion arifing from^j, ^^^ ^^ 
the real Motion of the Earth, the Way of the Maombr Moon 
from the Sun would be the fame with her realA'T^'Sun. 
Way in her Orbit : But becaufe, while the Moon is 
juoceeding in her Orbit, the Sun alfo fijems to 
Kove ia the EcHpcick, the Way the Moon moves 
H> ' towards 
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Lecture towards or from the 5*?/, will be dif&renc 
Xlf. tine which ihe his in her Orbit ^ and its 
t^V'^jni'/oi lo the Ecliptick will be greater, than 
Plate IX. lncliii:.iion of the Orbit to it. Let SI A be 
F:ij. 6. PorLion or the Moon's Orbit produced to the EcKp"! 
tick: And iuppofc the Si/?i and Moom in Gfr 
i'jnction in the Node:' Now, then, while theilM 
in her Orbit defcribes the Space SI L, the Aii 
by his apparent Motion will defcrlbe the Space SlS 
in the Ecliptick, and S L will be the Way of the 
JShoH from the Sun. Now if two Bodies be botk 
moved the fame Way, but one fafter than the 
other, their relative Motion, whereby the one re» 
cedes from the other, is the fame as if the floweft 
Body flood {Hll, and the other moved on with the 
Diftercnce of Velocities, as we have demonftrated 
in our Phyficil Lcftures. Thro' the Place of the 
Moon L, draw B L parallel to the £cliptick> to 
which let SI 3 be perpendicular. Now wWk 
the Moo7t in her Orbit deicribes the Space SI Ls 
its Motion according to the Ecliptick is equal 
to the Space B L ; take L / equal to SI S, and 
draw SI /, it will be parallel to S L ,• and the 
Motion of the Moon from the Sun will be the 
fame as if the Sun had remained in the Nd^ 
and the Mjo?tj according to the Ecliptick, had 
been carried with the Velocity B /, which is 
the Difference of the Velocities of the Sun and 
Moon^ according to the Ecliptick. Becaufe the 
Angles B L SI and B / SI are but fmall, the hn- 
gle BLS). Will be to the Angle B /SI, as B/ is 
to B L i that \sj as the Difference of the Mocioiis 
of t'le Sun and Moon^ according to the Eclip- 
tick, is to the Motion of the Moony in the 
Ecliptick, fo will the Angle which the Orbit of 
the Moon makes with the Ecliptick, be to the 
Angle B/Sl^ which is equal to the Angle LSE, 
or the Inclinition of the Way of the Moon from 
the Su7i to the Ecliptick : And by this means 
we can find out the Angle which a Circle of 
Latiiude, drawn through any Point of the Eclip- 

ticlc^ 
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l^k} makes with the Way of the Moon from the Ledture 

For in the redangulir fpherical Triangle, XIII. 
Iiich the Ecliptick, the Circle of Latitude, and V^v^ 
% Way of the Moon from the Sun do foriH) we 
foe one Angle, which is the Inclination of the 
Way of the Moon from the Sun to the Ecliptick, 
|1 its Bafe, which is the Diftance of the Circle- 
ititude from the NoJ^ j and thereKire we can find 
e other acdce Angle. 
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LECTURE XIII. 

Off he 'ProjeBion of the Moon'j Sbado"Ju' 
en the Disk of the Earth. 



B F a Right Line be projefted on a Plane 
1 that is parallel to it, by letting fail from 
j all its Points Perpendiculars on the 
I Pianc, the Projeiftion, or the Place 
where all Perpendiculars meet, with 
the Plane, will be a Right Line, parallel and 
equ^ to the former Line which was projeded. 
For the Perpendiculars that fall from the Extre- 
mities of the Right Line, are parallel and equal; 
and therefore the Lines which join them will be 
parallel and equal. 

Hence, if two Right Lines touching one an- 
other, be parallel to any Plane, the Projeftions 
of ihefe two Lines upon that Plane, will contain 
an Angle, equal to the Angle the Lines ihem- 
felves make together; this is plain by Prop. lo. 
Book XI. of Euclid. Hence all Plane Figures 
projefled on a Plane parallel to themfelves have 
for 
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Lecture for ibcir Projeaions, Figures enaaiy funilu i 
Xnr. e^iial CO ibcmfclves, 

■sj'yir^ Birr if a Line be inclined to any Plane, 
PIjb X. projcifHon upon that Plane, made by letting ffl 
'^e- '- from ic Perpendiculars to the Plane, will be lo 
the Line icfelf, as the Cotine of the IncUnayps 
of the Line is to the Radius. For let A B be 
a Line inclined to the Plane, and let D E reprdeqtl 
the Plane : Letiing fall from the Points A uf 
B, the Perpendiculars ha,^b\tih will be the Pro- 
jciilioo of the Line A B ; to which if we drtw 
through B the parallel Line B C, meeting wil 
the Perpendicular Aj in C, this Line BC 
equal to ah :' But B C is to A B, as the Sine < 
the Anjle CAB, or theColine of the Angle AB( 
to the Radius i that is, as the Cofine of the And 
of Inclination is to the Radius, fo is ^ ^ to A i 
Hence it follows, that every Figure, whofe Plai 
is perpendicular to the Plane of the ProjeiSion,, 
projefted in a tight Line. For the Perpendiculi 
trom every Point of the Figure, will all fall upo 
the common Interfedlion of [he Plane of the F^w 
A Oriho-vvith the Plane of the Projection. Such a Pn 
gT»phi[»l jeition of Lines and Figures is called an Orthstt, 

If we imagine a Plane to pais through I 

Center of the Earth, fo that the Line whit 

joins the Centers of the Sun and Earthy ait 

be perpendicular to this Plane, it will make c 

the Surface of the Earth a Circle, which w 

feparate the illuminated Hemifphere of the Eart 

from the dark. This Circle we before callfl 

the Circle bounding Light and Darknefs, b( 

Tit flitJ o/we will now call it the Uluminatcd Disk; wliie 

lit Eaith. , Disk is direi^ly feen by a Speftator placed i 

the Diftacce of the Mnort, in the Right Lin 

which joins the Centers of the Sm and Earti 

Upon this Circle the Earth's Equator, its P* 

7i*Oftbo- rallcls, Foler, and all the other Circles whie 

gnphkal we imagined, are to be fuppofed, projeifled Of 

fithDiil tl">S^''P^'('''^y- For all Lines drawn from A 

Cence 
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Jenter of-rhe Snn to every finale Point of the Ledure 
Pisk] arc to be accounted parallel j and therefore XltL 
pee that Line which is drawn to the Center of \y>^^, 
' e Disk is perpendiculat to it, all the reft will 
I perpendiculir to it ; and therefore all Lines 
rawn from the Center of the Sun, and palling 
iTDUeh every Point of any Circle upon the 
EartPs Surface, when they are produced, will be 
perpendicular to the Plane of the Disk, More- 
over a SpeiSator in the Moau will, fee all Coua- 
tries, Cities and Towns, to move upon the Disk, 
which Motion is occafioned by the Rotation of 
the Earth round its Axis, and every Point will 
have its Way on the Disk ; for by the diurnal 
Gyration all Places defcribe either the Equator, 
or one of its Parallels ; and if the Sua be in the 
Plane of the j^quinodtial, or rather, if the Planii 
of the .^quinoftial pafles through the Sun^ the 
^quinoftial and all its Paralleb are in that Cafe 
projefted into right Lines j fpr they will all be per- 
pendicular to the Disk, or the Plane of the Pro- 
jeiftion. But in other Pofitions the Projedions 
of thefc Circles will be Ellipfes, which are the 
Ways that all the Places of the Earth are feen 
K) move in on the Disk : Now if through the 
* '■ and the San there be a great Circle drawn 
. di cuts the Earth, and this Urclc be projeded 
I rfje Disk, we iliall have an univerfal Meridian, Tie vi-vtr- 
I whicTi when any Place is obferved to come,/'^ ^"'^i- 
"e Inhabitants of that Place will have Mid-day. '"' 

when any Place is firft leen to touch the 
pefiern Limb, or Edge of the Disk, the Inha- 
i of that Place will then fee the Sua 
^ upon them. But a Spectator at the 
Keon wil! fee the Place to rife and come upon 
Disk, and will fee it move towards the 
tSafi -■ And as foon as it has palled the univer- 
ffi Meridian, the Place then being gone to the 
XaflwarJ, the Sua feen out of the Earth from 
Ifiie, Place wiii appear to move ffefiwarJ. But 
■rfbeo the Place comes to the Eafiern Edge of 
K the 
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Leifturc the Di-k, our Speiftator in the Moan y/ill obi 
XUI. the Place id fee in the Disk, and hide it&if in 
^^y^'^tj dark Side , but ihc Inhabicancs of thai PUce u\ ._, 
[he Earth's Surface will fee the Sua fer in ihc ffefit 
and withdraw himfelfouc of Sight. 
7J(B;jr^r/i The Bignefs of the Disk is to be eftimared 
•ftbiDnk hy [he Angle under which the Earth is feen from 
diiermiiud. ^^^ fitMn, and is of the fame Quantity with the 
Horix.ontiil Parallax of the Maon. And if from 
the Montr there be let fall a Perpendicular upon 
the Plane of the Ediptick, which meafures the 
Djftance of the Moon from the EcJiptick, thij 
Line being parallel to the Plane of the Disk, 
will be projefled into a Line equal and parallel 
to itfelf,; and the Angle under which the Pro- 
jeflion of this Line appears from the Mmm, 
. will be equal to the Angle under which the fame 
Line is Iccn from the Earth ; for equal right 
Lines at equal DiHanceSj being feen diredtly, ap- 
n<, Prs>c- pear under equal Angles. The Way of the 
'JT'A''" Mffoif from the Sun, if fuch a fmill Portioa of 
M^TsB lit '^ '^ taken as is turned towards the Disk in the 
Dili. Time of an Eclipfe, may be efteemed as a Right 
Line> and wilt be projefled upon the Disk into 
a Right Line, which is equal to irfelfj and its 
Projeflion with the Projedion of the Circle of 
Latitude will contain the fame AnglC) that theft 
two Lines make in the Heavens : The Spedta- 
tor in the Afucw will fee this Line to be defcri- 
bed upon the Plane of the Disk, by the Cen- 
ter of the Shadow and of the Tenumbra which 
coincide. 
PhieX. Let now the Circle D G K reprelent the 

r'B-»iJj4jS- Disk of the Earthy whofc Semidiametcr let us 
foppofe CO be divided into as many Parts as the 
Horizontal Tutallax of the Moon contains Mi- 
nutes and Seconds. Let the Line N T repre- 
fent the Diftance of the Moox from the Edip- 
tick in the Time of Neo Moon-, projeiSed on 
the Plane of the Disk ■■, which alfo muft confift 
of as many Parts as the Latintde of the M»o» 
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nacains Minares ; and let likewife K il be a Por- Lcdhire 
loo of the Eclipticit, SI / a Portion of the Way of XIU, 
_ be Moan from the Sun, both projeitcd on the Plane ^.^"N^sj 
of the Disk. From the Center T, let fall on the^*' p™^ 
Way of the Shadow a Perpendicular TV ; ,thii.^^.^^_ 
Line will tneathre the leaft Dillancc thar is between /iinai. 
^Cbe Centers of the Disk and Shadow. At the Cen- 
Wtft V defcribe a fmall Circle, whofe Semidiimetec 
Wusj be equal to the Difference of the apparent S^ 
Bniiaiatneters of the Moen and Sun ; this Circle will 
reprelcDt the Breadth of the Shadow : For we have 
fliewed, that this Shadow feen from the Moon, KTbcSbaJtta 
the Diftance of the Earth, was equal to the Excefsf °-''*''^' 
whereby the apparent Diameter of the Moon exceeds 
tiiac of the Sun. Again, let there be defcribed an- 
other Qrcle H M, at the Center V, whofe Semi- 
diameter VH bears the fame Proportion to the 
Semidiamcter of the Disk, as the Sum of the Semi- 
diamciers of both Sun and Moon bears to the ap- 
parent Scmidiameter of the Earth feen from tile 
Moon; or, which is the fame, to the Horizontat 
Parallax of the Moon : This Circle will reprefent ^^ P<;n- 
the Penumbra, projeiSed at its fliorteft DiftauceV^J^^"" 
from the Center of the Disk : For we have (Tiewcd,''' ' ' 
that the apparcnr Scmidiameter of the Fenumbra, 
feen from the Moon, was equal to the Semidiame- 
lers of both Sun and Mooti. And therefore, if this 
Circle does not touch the Disk, there can be no 
Eclipfe ; that is, if the Diftance V T be greater than 
ihe Sum of the Scmidiameters of the Disk and the 
isnumhra j or, which is the fame, greater than the 
_ Sum of the Semiciiameters of the Sun and Moony 
1 of the HorHonlal Parallax of the Moon, there 
a be no Eclipfe : But if rhe Diftance V T be equal Wbin ibn-t 
i this Sum, the Penumbra will touch the Disk,""^™ 
thout obfcuring the Sun, or any Part thereof :,^'-^^^_ 
t if V T be lefs than this Sum, that is, if it be lefs 
1 VM and TR, the Penumbra will cover fome,^^^^^^_^ 
: of the Disk ; and thofe that lie within the „,j( 1, „; 
menc R Z M Yj will fee at leaft a partial Eclipfc £chfjt. 
Tihe Sun. But if tlie Diftance VT be lels than 
K 2 the 
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Leifhire the Difference of the Scmidiameter of the Dist, I 
XIU- and tHc SemidHtnccer of the Shadow, rhen the Shi- I 
Xjj-V^"^ dow will cover (omc Part of the Disk, and make I 1 
Ti'lEclip- total Ecjji'fe of the Syn in all tbofe Places ic piffli 1 
■fi/^'*' over. Thefe total Eclipfes arc altvays but for a &aA \ 
Portion of Time, becaufe the Diameier of the voA I 
Shade is but rmill ; ihe apparent Diameter of &t 
Moon never cxcecdtag the apparent Diameter of (he 
Sko, but by a very rmall Matter, which is feldoni 
equal to two Minutes ; which Space the Center of 
the Shade palTes over on the Disk in the Space of 
four Minutes of Time : But yet the Stay that it mtj 
make on any Place, tnay be lunger than this ; upon 
the Account of the Morion of the Place which id- 
lows the Shade. 
T*«Eciip- Hence we may know the EfUptid Limiftt o^ 
ijcfc Limits, the Diftance of the Atoon from the NoiJer^ at the 
Time of New Moon ; fo that an Eclipfe of the Sm 
may be poffible : For let theCircleROG ^ep^^ 
fmt the Disk of the Ejrth ; fl T K and f\. N, the 
Projcftions of a Portion of the Ecliptick, and of 
the Way of the Moon from the Smv upon the Plane 
of the Disk. And let T V be the iealt Diftance of 
the Center of the Di:ik and Shadow ; which fuppofc 
equal to the Sum of the Semidiameters of the Disk 
5nd Penumbra : Tlien in the reftangular Triangle SI 
TV, we have the Side TVj which, when it is 
biggeft, is about 943- Minutes. We have likewifc 
ftc Angle at £1, which, when ic is leaft, is j De- 
grees and 30 Minutes: From whence we fhall iind 
Si T equal to 986 Minutes i or to 16 D^rees and 
tttf Minutes. And IJncc in this Cafe the Peinniibra 
only touches the Disk, it is plain, that there can be 
ho Eclipfe, unlefs the Nevi Moon be nearer to the 
Node, than 16 Degrees and 26 Minutes, 
ptte X. Let the Circle R K G, as before, reprelent the 

Re- s. Disk of the Etrth ; fl, T K a Portion of the Eclip- 
tick projeded on the Plane of the Disk ; £1 / the 
Way of the Mo/m's Shadow on the Disk ; T N 
the Latitude of the JWoow, and T V the fhorteft 
Diftance of the Centers of the Shadow and Disk. 
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|pt the Circle OPQ be ihz Tenumbra, moving Ledlute 
1 D by V to/; in the Middle of which is a XIII. 
1 Qrcle reprefenting the Shadow : And let us ,^-»^^^ 
toCe we know the Time of the Coojunclion ; 
i is> when the Center of the Shadow is in N, 
Jiich we find by Aftronomical Tables ; by that 
_ sins wc can find the Time when the Center of 
e Shads is in V, thit is, the Time of ihc Middle Tit TTwr^f 
f the general Eclipfe. For in the reiSangled Tri- lU Middu 
tele TV N, we have TN the Lacitude of tbe^^^.^ 
won, and the Angle T N V, which the Circle of ' '"*' 
uiitude makes with the Way of liie Maon frota 
Ee SK»i and [herefore we can find V N and TV. 
But by the horary Motion of the Mooti from the S«», 
lye can find out the Time the Shadow will pafs 
through the Space N V ; and this Time, either 
added or fubcra.5ted from the Time of the Ctwijunc- 
tionj will give [he Time of the Middle of the 
Eclipfe. Moreover, in the Triangle DVT, tiglK- 
angled at V, wc have the Side D T, which is cho 
Sum of theSemidiametersof theDwiandPeaawtra, 
and the Side T V the fhorteft Diilance of the Shade 
from the Center of the Disk j therefore we can find 
out the Side D V, and by it the Time when the 
Shade enrers the Disk ,- and from that we fliall 
have theSemiduration, or half the Time the Eclipfe 7j,j,„,Vb- 
cominuca upon the Disk. After the fame Manner raiio". 
wc ftiall find the Time when the Shade leaves the 
Ksk, or the Time of the End of the Eclipfe. 

Having ihe Place of the Sun in the Eclip- 
ticlt for any Moment of Time, we can thereby 

Iind the Place on the Surface of the Earth, upon 
Vhich the Stcn at that Time is vertical : For thcLa- 
titu^ of the Place is equal to the Declination of 
the Sun at that Time ; and its Longitude is found 
by turning the Time from the Meridian into De- Ttfi'drii 
grees and Minutes of the j^quator, allowing forf'j" " 
(very Hour k Degrees, and for every Minute of™'"'. '' 

It ,' , . " i r» 1-. r- 1 Sun iJ ■aer- 

an Hour 15 Minutes of a Degree, tor Example,(,jj,/. 
The Longitude of a Place, in whofe Vertex the 
Siitt is, when at Oxford we reckon nine and an 
K 1 half 
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lb, Ma-i- 
dit«, -mb, 

til Sua. 



half in ihc Morning, is known by rubuai 
and a half froni 12, and ihcn there will __ 

Hours and thirry Minutes; which, muldpliedby i*, 
make 17 Decrees and 50 Minuies. And therefore 
that Pface will be 37 Degrees and 50 Minutes to the 
Eajf of Oxford. 

Let the Circle F R K reprcfcnt the Disk, as 
before ; F T K a Portion of the Ecliptick projected 
on the Disk; on which from the Center creel the 
Perpendicular T R : This Line will be the Projec- 
rion of the ^xis of the Ecliptick, and the Point R 
of its Pole. Let the Point P be the Projcftion of 
the Po/eof the Earth: Through T and the Pole P 
let us imagine a Circle to pals, and to be projefled 
on the Disk. This Circle will reprefent the univcr- 
Tal Meridian ; and the Elevation of the Pole above 
the Plane of the Disk, will always be equal to the 
'Declination of the Surt. For the Arch of the Me- 
ridian between the Sua and the Ttri^hery of the 
Disk, is a Qyadrint of a Circle ; and the Arch of 
the Meridian between the j^quator and the Pole, 
is likewtfe a Quadrant : Wherefore taking away 
from equal Arches the common Arch T P, there 
will remain PS, the Elevation of the Pole above_ 
the Disk, equal to the Diftaiicc of the Sun from 
^Equator. 

It is here to he obrerved, that when the Sum 
in the Signs VS" » K V W E, or rather when tl 
, Earth a in the oppolite Signs, the Point S, wherein 
the univerlal Meridian cuts the Limb of the Disk, 
will fall towards the right Hand of the Pole of the 
Ecliptick. But when the Sun is in the other (ix 
Signs, the Point S falls upon the other Side of the 
Pole of the Ecliptick, contrary to what happens when 
the ProjedJon i^ fuppofed to be made in "' 
parallel to the Di^k at the Orbit of the Moo 

To find the Angle RTS, or the Arch of 
Disk intercepted between the Pole of the Ecliptk 
and the Point S ; In the right-angled fphericai Tif- 
angle RPS, we have the Arch R P, the Diftance 
of the Poles of ihe Ecliptick and ^Equator 2; J De- 
grees 
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i alfo the Side P S, which is equal to the De- Lefturt 
_..i»:ion of the Sun : Wherefore, by Trigonometry, Xtll. 
we may find the Side RS, or the Mearure of thcw^'^r^* 
Angle RTS. 

To find [he Place upon the Earth's Surface J°>'''^^ 
Qj where the Sua rifing beeins to be in an Eclipfe g^'^th, 
its upper Limb, and where the Shadow enievs -aibkb it 
^r—^ Disk : Draw through the Pole the Meridiar/'j* ""'^'^ 
PQ., to Che Point Q., where the Penumbra firft*^^,,. 
touches the Disk. And firft, in ihe righc-lined Tri- 
■Dgle DT V, having DT and T V, we may know 
ibs Angle DTV ; to which if we add or fubtradt 
« given Angle VTP, which is the Sum or Diffe- 
tence of two known Angles VTN and NTB, 
We Diall bave ihe Angle QTP. And then in the 
feherical Triangle on the Surface of the Earth 
P Qj which is right-angled at S, we have S P 
equal to the Declination of the Sun ; and the Arch 
SQj which is the Meafure of the known Ai^le 
■BTQi from whence we may find the Arch PQj 
■riic Complement of the Latitude of the Place Q__, 
•tod the Angle S P Q, , whofe Complement Co two 
Rights is the An^le (iPT, contained between the ■ 
Meridian of the Place Q. , and the Meridian of that 
Tlace to which the Sun is then vertical ; and is the 
MeaTurc of the Diftance of the Meridian of the 
iiacc Q) from that of the Place which has the Sun 
in the Meridian at that Time. But we know the 
Place w^ich has the Sun at that Time in its Meri- 
dian ; wherefore we know likewife the Meridian 
or Longitude of the Place O : But its Co-Latitude 
PO was before found out. Having therefore both 
thcLongicude and Latitude of chat Place, the Place 
itfelf mull be known. 

Br the fame Method we can find out the Place 
oF the Earth, which is fitft involved in the total 
Shadow. And by a like Proceli we may find out 
the Place M on the Surface of the Earth, which 
is under the total Shadow at any Point of Timcj 
.either before or after the Middle of the Eclipfe, 
For the Time being known, we may find by the 
borary Motion of the Moon from the Sun, the 
K 4. Line 
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Lcfliire Line M V and the Point M, where the Center , 

Xin. the Shadow lies ; and in the right-lined Triang*? 

V^Y*^^ MVT, having MV and VT, we may find NfT 

and the Angle M T V i to which if you add of 

fiibtraci ths known Angle VTP, we fliiU have th^ 

At^lc M T P. But M T is the Sine of an Arch o*^ 

the vertical Circle which pafles through M, anddi^ 

Point of the E-ir/i's Surface direiSly under the Sau^ 

the Semidiamcter of the DLfk being made the Ra- 

Tbe Drttr. jj^yj^ ^^j [hgrcfore, if we lay, As the Semidiamc- 

Th'piZ' ^" °^ ^^^ ^'^^ '^ '° M T, To is the Radius to the 

im^-^iy Sine of an Arch ; the Arch found out by this 

^Stodtw, Proportion will be the Diflancc of the Smt from 

-&^'^'"""' the ytrtex M : And therefore in the fpherical Tii- 

artgle on the Surface of the Earth MPT, we 

have PT the Diftance of the Sun from tHePolei 

aijd MT the Diflance of the Suti from the Vertix^ 

and the Angle MTP. Hence we can find MP> 

which is the Complement of the Latitude of the 

Phce; and the Angle MPT, which (hews the 

DiSerence of the Meridians of the Place M, and 

of that Place to which the Sun at that Time is 

vertical j which Place by ihe Time is known, and 

therefore we can find the Place M. And by this 

Method we may find feveral Pbccs over which 

the Shade does pafs ; and if they be joined by Li 

we fliali have the Way of the Shade upon the ' 

face of the Earth. 

The Portion of the Diameter of the Stiji 
fcurcd by the fltoan, is known by the Situatios 
ihc Sfeflator within the FcTiiimhra; or by his Di- 
flancc from the Center of the Shade. For let 
ASH be the Diameter of the Sun, parallel to the 
Diameter of the Temmbra EF^ draw the Lioe 
plirex. MCB, touchii^ the fuperior Edges of both Sm» 
^'^■^- ■ and Moon-^ and let FCA alfo touch the inferior 
Margin of the Sun .- Then the Angle A C B ' 
equal to the apparent Diameter of the Sun 
7&>sr«5ir the Triangles ACB and MCF are C'mili 
%'!ilf^ Suppofe then a SpeBator within the Pinumbra 
TidiytZ' G; draw the Line GCP, touching the Globe 
Eii'pfi, of the Mcojif which nearly pafles through the for- 
mer 
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oiQt C, and cuts off A P, that Part of the Le&ute 
!>iameter, which is obfcured by the Moon, XIII. 
SpeHatoT inG. But the Right Line GP,(^y^ 
t vety nearly pafics thro' the Vertex of the 
,les M C F and A C B, will divide the Bafes 
ind MF in a like Proportion. And there- 
.P is to AB, as FG to MF; that is, th£ 
ed Portion of the Sun's Diameter is to the 
Diameter, as the Diftatice of the Place from 
ge of the Peanmbra, which is FG, is to FM 
nidiameter of the Fenumhra diminiflied by 
nidiatneter of the total Shadow. 
: Afimnomers commonly divide the Diame-''^' %■'«'- 
both Solar and Lunar Diiks into ™'clve^^.^°//^.__ 
Parts, which they call Digits i and by ^hcm JaU'ij" 
neafiire the Quantity of the Obfcu ration. Digits, 
ley fay, the Eclipfe is of fo many Digittf as 
tured Poriions confifts of fuch Parts, 
ve know the Pofition of any Place \ipon Having tt, 
sic for any Point of Time, and it be de-^^^" 'f 
) find the Phafs of the Eclipfe for that Time, ,/„ ^,'" " 
Teen from the Place j it is to be found in/>iJ fie ' 
anner : Let S be the PoiJcion of the Plice'^^ !f 
Disk; find out for that Point of Time, the ''■''■ 

of the Center of the Shade in its Path ; 
let it be M. At theCenter M, wiihaSemi- 
er> equal to the Semidiameter of the ilfoos, 
c the Circle A F L : Alfo at the Center S, 
t Setnidiamcter S B, eijual Co that of the 
efcribe the Circle E F G, which rhe Circle 
cuts in E and F ; then E B F A will be that phtc x. 
■ the Sun, which is covered by the Moon from F'g- 9- 
Wor in S. For produce the Sctoidiameier 
Jtfoaw M A thro' S, that A D may be ec|ual 
Scmidiimeter of the Saw, which is equal 
; and flitn M D will be equal to the Sum 
Semidiametcrs of both Suit and Moon; and 
re it will be equal to the Semidiameter of 
umhra: And the Dillance of the Place from 
gc of the Feriumbra is S D : And becaufe 
equal to AD, A B will be equal to S D. 
\ N equal to the Semidiameter of the Sun, 
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Lciture and then M N will be equal to the DifFerence cf 
XIII. the Se mid ia meters of the Sun and Moon-, which ts 
J equal to the Semidiamcter of the total Shadow. Bii[ 
we Ihewed, f d?. i ■56, ihat S D wa* to D N, as A B 
the Part of the Sui^s Diatnercr obfcured was to 
the Skk's Diameter. But A B is equal to S D, 
and D N is equal to D A and A N, which are 
equal to two Semidiameters of the Sun-, or to one 
Piaioetcr cf the Sun. Therefore A B is to [he 
Diameter of the Sun, as SD, (he Diftance of the 
Place from the Edge of the Tenumhra-, is 10 DNj 
which is the Semiaiamcter of the Penumbra ditoi- 
nifhed by the Semidiamctcr of the total Shado*' 
And therefore it is plain, that A B muft reprefn'^ 
the Portion of the Sun's Diameter, which is 4**° 
Icen to be obfcured. - 

Hence alfo is determined the Pofitioa of t-^ ■ 
CufpultSj Points or Horns of the Eclipfej for ^^ 
di awing the vertical Circle T S G, the Arches G^--^. 
G F, mew the Diftance of the Points from the f* 
preme or higheft Point of the Sun's Limb. ^s 

If the Velocity wherewith the Shadow go^^^- 
over the Disk, be inquired for, it muft be obfcr^ is 
n* W«;<jF ved( that the Way of the iWooa from the San i ^^ jj 
t/ihi .tta- projcffed on the Disk) in a Line parallel and equa.-^^'^n 
^il'"" to itfelf; which Line ip defcribed l>y the Motior<* ,e 
of the Shadow ; And therefore the Velocity of tht^^ ,e 
Center of the Shade is equal to the Motion of the^^^ 
JII0071 fiom the Sun. Now the Motion of the Moon'^^^. 
from the Su7i is about joi Minutes in an Hour; ^ -^ 
though it is fomeiimes more, and fotnetimes lefs, -^^ 
And therefore the Space, which the Center of the "^ 
Shade moves through in an Hour, is abouc '^ 
307 Minutesof the Lunar Orbit- NowtheSemi- 
diameter of the Lunar Orbit is about 60 Semidia- 
tnctcrs of theEari^j and therefore one Mtnucc of 
the Orbit of the Moan is as much as 60 on a great 
Circle of the Earthy or as much as one Degree, 
that is, 69 Ew^Av* Miles. And therefore 30 J Mi- 
nutes are equivalent to 2104. "EngUp} Miles; which 
Space the Shade moves through on the Disk in one 
Hqiir. But- diough thii be the Velocity of the 
Shadow 




1 



ihnt-e^^ 



flXK ^ 




\ 



/^ 



LECTURES. U!, 

Shadow on the Disk, yet the Velocity whereby the Ledurc 
ihade recedes from any giveti Place on the Earth's XIV. 
Surface, is lefs than it; by reafon that while the^>*y^^ 
Shadow moves from the Eaft to the VPeji, all the 
Places of the Earth are Ukewifc carried by the 
Rotation of the Earth the fame Way : And there- 
Fbre, following the Motion of the Shadow with a 
lower Pace, they dirniniHi the Velocity whereby 
:he Shade moves from chem. 

LECTURE jaV. 

•tf new Method of computing Eclipfes 
Ik of the Sun, as they are to be obferved 
\from any given 'Flace on the Earth'j 
■ Surface. 

iTHERTO we have explained all the 
VmUS ^^^f" ^"*' Appearances of a general 
"■"™j Eclipie, fuch as a SpeSator at ttie 
I Moon would obferve; and we have 
flicwed the Methods whereby the Be- 
>inning. Middle, and End of an univerfil Eclipfc 
n\ay be determined. But this Spinning and End'?'^^'*- 
"an be obferved by only a few, who lie near the"^°^Sj" 
Edge of the Disk, where the Shadow enters. In Ec//rfi can 
ather Places lyinft towards r.he Middle of the Disk,*' ctfirv'd 
Chere will he no Eclipfes fecn, till fome lime after, *■'""'■''■/'"■ 
when the Margin or Edge of the fenumbra comes 
CO touch them. And the End will be when the 
oppofite Pare of the Penumhra leaves them. And-^""^'^ ^'■ 
tfcerefore, according to the different Situation ot|^"_^'^J^" 
"Places, theQiiantity of the vifible Eclipfes will bep^™ !« 
different, as likewife their Beginning, End, and'"=0' '''Jf'- 
tion. '""• 

[KREFone to compute the particular Fha/es 
I EclipIc) as it is to be obfcrved from a 
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Lcflure certain Place, we muft here explain a new Mcctioi 

XIV. whereby, without the troublcfome aad tedious C 

\,^^/^/Cul3tions of Parallaxes, which all the A^onem 

have made uie of before, the pari'cular Pha/gs a 

be /hewn. 

ji mrar M'- Let ihetcforc the Semicircle A E B> be 1 

ihidtanm- [lie Yi\i](, of the Earth, in whole Circucnfereoce | 

?h!(^ fcr ^^^ Point E, which anfwers to the Pole of the Eq 

d fMucuiar iiptick. And lee [he Pole of the Earth, or tbi 

Fiaa. Mq\i3tor,he projefled intoP. BecaufcallthePlacM 

Piatt XL of the Earth, being carried by the diurnil Rota: 

Fig. 1. lion, defcribe Ci/cles, which are the Mx^iiXxtt fl" 

irs Parallels, and all the Parallels, except in tb 

jEquiMxrf, sue inclined to the Plane of the Disl 

the ParaM which any Place dcfcribes will be p 

jefted into an EUipIc, which 'will be the Way $ 

Path in which that Pbce will be fecn to move 1^ 

Speaator at the Afcw. Let therefore F X 11 D 1^ 

the Ellipfe in which the Parallel ot any Place i 

projcdled on the I>isk: And let the Points in W^^J 

the Horary Circles cut the Parallels be likmii 

jirojefled : And let thefe Points be VI, VI^ VI 

ix,x,xi,xii,i,rMii,!v,v,vi. St. V. sat 

the Morning the Place on the Earth's SurfaCT'.lf 
be Ttccn on the EXsk at VI ; at the fevench Hour 
will be at VI!, at Eight of the Clock it will be ( 
VIU, and at Nine it will be in the Point IX, and { 
on. . 

Let CT be a Portion of the Path of the Sbt 
dow received on the Plane of [lie Diak : And fiijh 
pofc the Center of the .Shade at Two of the Clofl 
lo be in the Point 2 ; at Three of the Clock li 
the Place of the Shadow be 5 i and at Four l,^^ 
it be in the Point 4, &c. At Two of the Qog 
the Seat of the SpsBaior on the Diak is II ^ « 
therefore his Diftance from the Center of the ^ 
dow is 2 II : But if we meafure this Diflancq 3 
cording to the Path of the Shadow, we tnuft 1. 
fall from ihe Place a Perpendicular to the Pa^ 
which let be II L, and the Diftance thus eititnat* 
will be 2 L ; and the Point L will be the Pofitioo 
of the Place reduced 10 the Path of the Shadow, 
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It Three of the Clock the Shadow is at ^, anj the Lcfturc 
lace ac III, and cheir Diftance is 5 III, which is leQ XIV. 
lan the former Diftaoce at Two. At the fourth »«^Y^ 
[our the Shadow is in 4, and the Place in IV. All 
which Time the Shadow advances nearer to the 
Place, 'till at laft the Edge of the Venimbra touches 
it, and then the Eclipfe will begin at that Place. At 
ihe fifth Hour, when the Center of the Shadow is 
ftt 5, and the Place is in V, it w't' be there more 
widiin the Fttmrnhra than it was before, and die 
Shadow will be near the Place : But at Six, the 
Shadow being at 6, and the Place at VI, the Shadow 
will have got to the Eafl of the Place, which ie 
then in the Point of the Disk at VI ; and therefore 
the Center of the Shadow has pafled by the Place, 
and the Time of the ihorteft Diftance between the 
Center of the Shadow and the Place, will be be- 
tween the Hours of 5 and 6. After this Time the 
Diftance of the Shadow and Place will conftantly 
grow greater, and at bft the Wefiern Edge of the 
PtHirmbra will leave the Place, and there will be an 
End of the Eclipfe upon that Place. But by the 
f ^Mowing Method the Beginning, Middle, End and 
) 'DttfarioB of the Eclipfe will be more accurately de- 
termtMed. Upon which Account we mud firft pre- 
Vtife dw two following Problems : 

PROBLEM I. 

To find upon the Dhk (f thi Earth the Toption of 
' a Place for anj given Paint of Time. 

Let the Semicircle AEB reprefcnt half the 

Disk, A B a Portion of the Eclipcick projected on 

the Disk, its yixis projefted S E, meeting with the 

feriphery of the Disk inE, which will be the Pole 

■rfthe Ecliptick on the Earth'^ Surface. Let SP Piste xr. 

I (ft the Line on which the Axi^ of the Earth is pro- ^'S- '■ 

I ^fted, and P the Projedtion of the Pole. As the 

I tafiw is to the Sine of the [,atitude of tiie Place, 

1 felet S P be to S H, and the Point H wil! be the 

Pro- 
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\j£taw. Projcjaion of the Center of the ParaJld. Throi 
XIV. H draw H G equal to the Sem id ia meter of the 1 

.^^V^' rallcl, or to the Sine of the Diltancc of the 

from the Pole, which muft be perpendicular ro Pi 
this will bq half the greateft Axt of the Ellis 
into which the Parallel is projeded. As the Hi 
dint is to the SiTte of the Pole's Elevation 
the Plane of the Disk, To let G H be to H L, i 
H L will be the lefler half Axis of the ElUpfe. 
G H lake H Q., which has the fame ProportiM,' 
to G H, that theSfiM of the Angle, which the Ho- 
lary Circle and the Meridian make K^ether, Iw, 
to the "Radiiu j and draw Q^R perpendicular Wi 
XjW: Alfo make the Proportion, as the RaSnf ts, 
the Cofme of the Angle whicTi the Horary Gird*, 
and the Meridian make together, fo the Iciierinw-' 
axe H L CO a fourth, to be laid on the Line QR 
frornQjoRi and [hen the PoincR will betheP»j 
fition of the Place on the Disk required at the Mo* 
ment of the Time given. 

The fame may be done by the Help of theH(H 
rary Circle. 

PI.W M. Let A O B be half the Disk, P the Pole, SF 

*■«- 3- the Vniverfal Meridian, meeting with the Disk ill 
Gj and let FPO be the Horary Circle for thc- 
Momenc of Time given. In the right-angled Tri- 
angle P G O, we have P G the Elevation of the 
Pole above the Disk, and (he Angle G P O, which 
the Horary Circle makes with the Meridianj 
whence we fhaJl find out the Angle GOP, the 
Inclination of the Horary Circle to the Plamr 
of the Disk, and the Arches P O and G O i and 
therefore we have the Point O, where the Horaryj 
Circle cuts the Disk. Draw SO, which will b* 
the common Sedion of the Horary Circle widi 
the Plane of the Disk. Let P F be the Compl6« 
inent of the Latitude of the Place, And S O t»» 
ing the Radius, take S Q^, equal to the Sine of an 
Arch, whofe Complement is the Sum of two Arche* 
that are known, wa. FP and PO; and let O 
be the Cofine of the fame Arch whofe Sim ni 



LECTURES. 



145 



BQ. AtQ_upon OSered thePerpendicuIirQR, Lediire 
» that D may have the fame Proportion ro Q^R, XIV. 
fcat the "Radius has to the Cofme of the Inclination l^^*^^ 
f the Horary Circle to the Plane of the Disk ; and 
L will be the Point which was defircd, and lliews 
ihe PoQcioo of the Place on the Disk for the Time 
|ivcti. 

The lame Thing may be likewife found out this 
Kiy 1 Calculate, (by the Problems dcmonftrated in 
^_^e Spherical OoiJrinej and in the Probkmi to be 
Bfouod where the Ufe of the Globes is taught} for 
the Moment of Time given, the Su?i's Altitude, 
and the Angle between the Vertical "and Hour- 
Circle at his Center, and make the Angle R S P 
equal thereto i and take SR equal to the Sine ofPJate xr. 
the Complement of the Altitude, or the Sine of his *^'^" ^" 
Diftance from the f^ertex, S E being the Ra/Hxs, 
and then R will be the Point required. By the 
fame Methods, for all other different Moments of 
Time, we can find out other Pofitions of the Place 
on Che Disk. The Dcmonftrations of all thefe PradJ- 
Ccs are eafily deduced from the Laws of Orihogru' 
ibhsl TtojeSioK. 

PROBLEM IL 

tbfwJiit an Eclip/e the Pofiiion of the Center of the 
Shadev} on the Disk, fir any given Hmt. 

Let a E B, as before, reprefent the Semi-disk, p\^tt xt. 

SE thcjixw of the Ecliptick, CT the Path of the Fig, 4. 

"^adow, while it pafles over the Disk; and let it 

aic the Axis of the Ecliptick in N. Now whea 

the Center of the Shadow is in N, then is the true 

E'Conjundton of the Sun and Moon, whofe Time 

Ffa known by Aftronomical Tables. We have like- 

' wife by the fame Tables the Horary Motion of 

the Moan from the Sun. Say, As the Horizontal 

Farallax of the Moov, is to the Horary Motion of 

the Moon from the 5«»; fo is the Semidiameter of 

: to a fourth Line M : This will be the 

e which the Shadow moves through upon the 

Disk 
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Lefhire Disk in an Hour. Then fay. As one Hour iiti 
XIV. ihfi Time between the Conjuniiion and the T 
^^^v^ for which the Pofition ol" the Shadow is (am 
ib is the Line M co a fourth ; tliis Line wiD fl 
the Diftance of the Shadow in its proper 1 
from the Poinc of ConjuntTlion N, and o_. 
quendy the Place of the Shadow for the Time I 
given. Suppofe the Hour which imme<iiaiely pre 1 
ccdej the Time of Conjundion, to be any Hour | 
you pleafe. For Example, let it be the fourth Hour; 
fiy, As one Hour is to the Time between ik I-; 
fourth Hour and the Time of the Conjundion, fo [ 
let the Line M be to another, which is Na ; and 
the Point 4. will be the Polition of the Shadow a 
four of the Clock. Take likewife + 5, 5 2, 45, 
5 6, eaual to Mi and the Points 2, ^,4, 5)fi,W!il 
(hew tne Place of the Shadow at the Hours a,5)4i5 
and 6. 

These things being prcmifed, let A E B be half 
the Disk, as before, C T the Path of the Shadow 
upon the Plane of the Disk, which the ^xii of the 
Ecliptick cuts in N; and when the Shadow comes 
Piatt xl. to N, then is the Time of the true Conjun&ioi). 
Fig- 4. Let, for Example, the 2d be the Hour which im- 
mediately precedes the Time of the true Conjundt' 
on> and then mark in the Path of the Shadow its 
7I«CW«/fl. Places at cheHoursi,2,3,+,5i and likewife at the 
^" y/*' fame Time mark the Situation of the Place on the 
■ (i^'iS, Dbk at the fame Hours i let ihera be 1,11, HLIV, 

H V. At one of the Clock the Diftancc of the Place 

H and Shadow is 1 1 j this, by applying to a Scale of 

^L equal Parts, is to be raeafured, and taken in Nutn- 

^m bers; and from thence deduct theSemidiameter of 

^^ the VtnumbTa meafured by the fame Scale, and we 

^^ have the Difiance of the Place from the Edge of 

^^^^^_ the Pe-nimbra. 

^^^^L At Two of the Clock, after the fame Manner, 

^^^^H take the Diftance of the Edge of the Vmumbra 

^^^^K from the Place which is then in II; the DifTerence 

^^^^H of thefe Diftances, (ince the Edge of the Tenvmhra. 

^^^^H is la both Cafes more Wefierly than the Place, is 

^^^^■1 the 
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.~ Appropinquacion or relative Morion of the Place Le&irc 
> the Shadow in one Hour. Say then. As the Ap- XIV. 
kropinq nation of the Margin ot the Penumbra to ^•^^sj 
\e Place in one Hour is to the Diftance of the Taid 
Margin from the Place at Two of the Clock, (a one 
our is to the Diftmce of Time from Two till the 
jginning of the Eclipfe ; which Time, added to 
he lecond Hour, fliews the Time when the Eclipfe 
igins. 

From the Poficion of the Place at K, to the'^'Caicuij. 
»th of the Shadow, let fall the Perpendicular II a: '^'^'-^J/' 
tnd bccaufe the Center of the Shadow is at 2, thf^",',/ oi- 
IMftance of it from the Place reduced to the Path,/rarJ"on. 
1 3 a. Alfo at the third Hour the Poficion of the 
Place being III, let fall from thence a Perpendicular 

III i oiJ the Path ; the Diftance of the Shadow from 
the Place reduced is ^b; the Difference of thefe 
two Diftances is the Accels of the Shadow to the 
Place reduced, in the Time of one Hour. Meafure 
this Diflerence with a Scale, and hy the Rule of 
Proportion fay, As the Accefs of the Shadow to the 
Place reduced in one Hour, is to the Diftance of 

the Shadow and Place reduced at three of the n 

Clock ; fo is one Hour, or 60 Minutes, to a fourth 
Time; which Time, added to the third Hour, gives 
the Time of the Middle of the Eclipfe, or of the 
greatcft Obfcuration. 

At Four of the Qock the Center of the Sha- lii Cj/cu/j- 
dow is in 4., and the Place in IV; and becauTe 4g'"'.°-C'*L 

IV is lefs than the Semidiameter of the P^'"''l'^i} ecUfI'-' 
fubtraift it from the Semidiameter, and there will 
remain the Diftance of the Place from the Edge 

of the Pevumbra. Again, at Five of the Clock 
the Shadow is in j, and the Place in V; and their 
Diftance is 5 V, which is greater than the Semi- 
diameter of the Penumbra ; and therefore the 
IVefitm Edge of the Penumbra is now more ad- 
vanced towards the Eafl) than the Place is ; and 
therefore before that time the Penumbra has quit- 
ted the Place, and the Eclipfe at an End. From 
the- Diftance 5 V, lubduiS the Semidiameter of the 
Fenumh-a, and there will be left the Diftance be- 
L tweea 
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Lcflurc twcen the Place and the Wefitrn Side of the fn- 
XIV, Km^a : And becauCc, in ibc former Caft, at Fooi 
,/ of the Clock, the Edge was IVeft-mard erf" [be PlaCO 
and it has now got to the Eaft of it, the rdt- 
live Motion of the Penumhra and Place muft be 
eflimatcd by the Sum of thefc two Lines or Di- 
Itancci. Say then, As the Sum of thefc two Di- 
Hanccs is to the Didance of the Edge of the Pm- 
umira from the Place at the fourth Hour ; fo is one 
Hour to a fourth Time; whichTime, added to Four, 
gives the Time when the P^nirmtra leaves the PlacCj 
or ir will l^ew the End of the Eclipfc. 

The Motion of the Shadow in its Paih ii 
e<]uable, at leail all the Time of an EclipTe il 
may be efleemed equable. But the Motion of a 
Place upon the Disk is no ways equable, but lowitdi 
the Edge of the Disk it is flower ; when ic coow 
towards the Middle, it goes through larger SpaCd^ 
in equal Time. Moreover, our Calculus fuppo&% 
(hat [tic relaiivc Motion of the /Huon and Shada*' 
ate equable ; and the Middle of the EcHple, ot' 
greaieit Obfcuration, to be where the Line which:< 
joins the Place, and the Center of the Pemmhr^i^ 
is perpendicular [o the Path of the Shadow; ncj^ 
ther of which is precifely true, and therefore cbefC 
will arife fome fmall Error ; but it miy be coF* 
reifted in this Manner : Ac the Time oftheBqEiB* 
ning of the Eclipfe, find out [he Place of the M*^ 
dow, and likew.fe, for the fame Time> the Sinift 
tion of ihc Place upon the Disk. At the Ceni 
of the Shadow, with a Diftance equal to the St 
midiameter of the Penumbra, defcribe a Circle: r^ 
this Circle palFes through the Point the Place is ii, 
then is the Beginning of the Eclipfe rightly deteb' 
mined j but if this Circle does not pafs ihroixh! 
the Place, note the Difl;ancc of the Place and em 
feripheT/i and take the relative Motion of tfit] 
Place and Margin of the Feiu/tntr* for half n 
Hour ; and wort again by the Rule of Proportia% 
as before, and we Oiall then have the true Timt 
of the Beginning of (he Eclipfe. And by the finda 
MethMt 
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licthod we may correiS the Error, chat May arifc Leflure 
I compudng theEnd of the Eclipfe- And by this XIV. 
leans we may have ihe Beginning and End of Eclip- *„^>^s^ 
s, as accurately as by the common Method, which 
by a iroublefome Calculation of the Parallaxes i 
'here they likewife fuppofe, that the vifihle Motion 
of the Moan is equable for a certain Time i which) 
tjevertheleis, is as unequable as the Motion of a 
?lace upon the Disk is. 

If about the Time of the middle of the Eclipfe, 
tt the Center of the Shadowj a Circle be defcribcd, 
wbofe Radiut is equal to the Semidiameter nf chs 
^Soo/t i and if likewife we defcribe another Circle, 
^hofe Center is the Place of the Spectator, and 
vriiofe RtJtHt is the Semidiameter of the Sum; the 
IncerTei^ions of ihefe two Circles will ihew the 
Vhafis at the greateil Obfcuration. 

If there be fome who are not pleafed with this7*< fami 
jnechanica! Way of meafuring Lines and Diftan-?^*'^'- 
Ccs by a Scale, they may compute all the Lines hy^T^nome. 
TriginumttTjj in the following Manner: As be-ttj. 
fcre, let A E B be the Disk of the E«rth, P the 
Projcaion of the TaU, CNT the Way of theSha-p|,te xi, 
dow, the Point 2 its Pofition at Two of the Clock; rig. 5, 
and, for the fame Time, let II be the Situatitin of 
the Place of the Spfilatvr. Let S E be the Axit 
of the Ecliptick, which cuts the Path of the Sha* 
dowinNi SN will be the Latitude of the Moon 
at the Time of the Conjun£lhtt. From the Cen- 
n ter of the Shadow and the Place draw the Line 2 S, 
b n S, to the Center of the Disk, and join a II : 
KThen in the right-lined Triangle 2NS we have 
'^NS the Latitude of the Moan, and 2 N its Di- 
ftance from Cotijunilion at Two of the Clock, 
Wc have likewife the Angle 2 N S, which is the 
Inclination of the Path to the Circle of Latitude : 
Wherefore we can find out 2 S, and the Angle 
aSN. Again, in the fpherical Triangle PS If, 
We have the Side P S the Complement of the S«»'s 
Declination, and P II the Complement of the La- 
titude, together with the Angle SPII, which a 
koown by the Timcj by which we can find the 

L 2 Arch : 
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Loagfc Arcl) S II, ivhich is the Dillancc of the Sun (nm I 
VrVj the rcffc-Vi and the She of ihis Arch is juil cquil | 
if> tile DiilinceS II, S E bein^ imdc the Radius: 
Wejoiy alfiJ finj the Angle PS If; to which if 
we adjj or take awa/ the known Angle P S Ej 
wc flull have [he Angle N S II. But the Angle 
3 S N wais foynd out before ; wherefore we hive 
the whole Angle 2 S II. Liftlyj in the Right- 
lined Trianale 2 S M, we have the two Sides J 5 
aftd'll S, and the Angle contained between the two 
Sides; and therefore by plain Trigonometry we fwy 
find the Side 2 If, which was to be tiaunti out. Pro- 
ceeding by this Method, there is no need for inquire- 
mg into the PoliEions of Place and Shadow oa ife 
Disk ; for they are to be found out by a Caldil" 
without Proiratlion. 
Ti/nJ lb, The Longitudes of Places on the Surface <*'j 
LuigiiMiU efthe Earth may Ijc found out by Obfervations pV 
Di%^ ^ 'Ectipfcs of the Si/n, as well as by thofc of t"^ 
l^-j^r '"" J^oo!!-, viz. if we obferve in that Place whole I'"!^ 
icfij-fis. gicude is wanted, the Moment ot Titne when ^V'^, 
Eclipfe begins or ends. Let that, for Exampir, 
Plate fXI, be at Five of the Clock ; and at the Center ^^e 
f'E- »■ with a Diftance equal to the Semidiameter of *^,^-i§, 
Pei/Mmhra, defcribe an Arch of a Circle cutti^.v' 
the P:nh of the Shadow in </: that Point </ will fh ^^ ^t 
the Place of the Center of the Shadow at tt^^S^i 
Time. Alcafure the Diftance ti d with a Sca^^^f 
which bein^, given, together with the Motion *^^^ 
the JUeen from the Sun, we fhal! find the TiIrr■''^-^^_^e 
in the Place of the Obfervation, when the o^^ -^^^ fi 
CoBJujiifion is celebrated. In like Manner, by aJ^^^^ 
Obiervation in any other Place, we may find wher:^^^< 
the fame Conjunliion is celebrated according to tl*^^^^. 
Time compurcd from the Meridian of that Place ^^^* 
and the Difference of thofe Times being tume--^^^: 
into Degrees and Minutes of the jEquaior, wi-^_^ 
fliew the Difference of Longitude between thoC^^ ' 
two Places. -.__ „^ - :* 

In Prat'Vice it is convenient to make the Semc^^j;^ 
diameter of the Disk ten Inches, that it may b*_ 
divided by a Seal; into looo " 
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done by the Help of a Diagonal Scale ; for tivs Leflure 
Number is the Tabular BaJiwi : And let S N the XIV. 
I-aritude of the Moon, and all che Line^ whu(eDi- V<vvy 
menfions are neccffaty to be known, be exi'teired 
by the iarae Pans. For if we fay. As, the Hori7on- 
tal Parallax of the Jtfoon, which is cxprelled in 
Aflronomical TaUes in Minutes and Second?, is 
to [he Moon's Latitude, fo is looo (O a fourth 
Number ; and then we take the Line S N out of 
the Scale, whofe DimenQon is expreiTed by this 
fourth ; this Line will reprefcnt the Latitude of the 
JHoom. And in like manner, we are to operate 
to find out the Length of the Way the Shadow ad- 
vances in an Hour in its Path. And now wc have 
fliewed a new Way, by which the Times and 
Fhafii of an Eclipfe are to be defined, as they ar? 
to be feen from a particular Place, which does not 
require a frequent or repeated Calculation of the 
Tarallax, to have the vifible Place of che Moojf 
in the Heavens, both as to Longitude or Lati- 
Jude; which Method is received by moft ^Jlrauor- 
men. But our Method is much eafier, and, as I 
^ink, no lefi accurate : For in the common Me- 
thod the different Poficions of the Ecliptick in re- 
^dl of the Horizon, which are always changing, 
will produce great Inequalities in the Moon's Mo- 
liori, and will make her conftantly alter her Place, 
J>oth as to Longitude and Latitude: So likewife as 
^e Mnoa afcends or defcends, the Parallaxes will 
always be changeable i and except we often cora- 
" ite them, it will be hard to efcape failing into aii 
Irror. 
But becaufe the Method of computing Eclip- 
; by Varallaxes, is that which is generally made 
ijfe of by the A^ronomers-, it will be convenient 
UkewiTe to explain that Method. And here I 
tuppofe the Reader to be already inftrufled in the 
Dodrine of the Parallaxes, either by other Aftro- 
'nomical Books, where it is explained at Length ; 
br by what we (hall after this fay upon that Sub- 
jeii ; And that being underftood, the Principles on 
^Iiicb the Calculation is founded are calily apprc- 
'^W^\r^;s^ 3 bended) 
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l<aure hended, though the PraSicc of the Rulei it nf V 
XIV. difficult and [edious. I 

Xj^yr^ First of ail, the vifible ConjujiHi&Mj aod Act 
Tif """""Way the Maan is then to take in the Heaven^ IR T 
^^pmi^ to be determined. For in this CaTe, the true li^ I 
EcUflii tf w\i\b\cConjitn£Hon arc very different both as to that I 
lb. Sun. Times and Places. The true Place of the Afcw 
is that which is fecn from the Center of the Etith, 
the vifible Place is thit which is ictn from our Ha- 
bitation on its Surface. Let the Semicircle ABC 
rcprefenc an Hcmifohere of the Globe of the Esrlk, 
whofc Center is T i from whence draw the Right 
Line TLS through the Moon at L, and the Sn 
at S> at a much greater Diilance; and thcrefiw 
fince the Centers of the Sun and Maon arc feen is 
the fame Right Line from the Center of theE*oij 
Pint xir. '^'^y *'" appear in the fame Point of the Ha- 
Fig. I. vens, and they will be in true ConjuniUm. Bur i 
Speiialory on the Surface of the Barih at A, will 
obferve the Centers of the Sun and Moon in &■ 
ftinft Points of the Heavens, their Diftance bring 
rhe Arch SE. The Point where the Right Li* 
T L, drawn through the Centers of the Earth i» 
«« Maon*' Moon, meets with the Heavens, is called the tt* 
'"""""• Place of the Moan. But where a Right Linej*' 
fing through the Eye of the SfiBator on the y^ 
face, and the Center of the Moon, meets with^. 
Heavens, that Point is called the viliblc or ap0c 
rent Place of the Moon. Let thefe Points ^^^ 
and Ei the Arch S E, which is the Diftance t^ 
twecn the true and apparent Place, is called f^^ 
Mootf's Parallax. Now becaufe the Points T a^,-J 
L, in refpeft of the immenfe Diftance of the jJj^O 
Siart, coincide, the Arch SE will be the hta^'j^ 
whether its Center be conceived ro be in L, or l*^ 
T; and therefore the Arch SE is the Meaftire f^^ 
the Angle S L E, or of the Angle ALT, which «^ 
equal to it. But the Angle A L T is the An^^^ 
under which the Semidiamecer of the Earih AT3< 
drawn thro' the Place of the Speliatar, is feen frocf- 
the Moon: And therefore the F«m//« of the JMIm* 
js i^lways equal to this Angle. And this Angle is 
bifficft. 
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tigged, when the Semidiameccr isdireflly Teen from Leisure 
le JtfiMWi for then the Angle L AT is aRif-hcAn- XIV. 
le, and [he Moon is feen in [he Horizon, ana there- w^^y^s./ 
)rc the HoritdB/tf/ PemUax is grciteit of all. But 
die Moan fliould be in the Vtrtex F, [he Angle 
\LT would there vaniOi ; and the Moon's true 
Place would coincide with its apparent Place, whence 
«here would be no Parallax. 

Since the Parallax of any celeftial Body is always 

Sual to the Angle under which the Semidiatnetcr 
the Earthy palling through the Place of the Spec- lu Sun 
itgtofj is feen from that Body, there will be no ien- '"" "' P"- 
fible Parallax of the Su«. For, as I hive fre-'""' 
quently (aid, the Earth feen from the Sun appears 
too bigger than a Point, and under no fenliblc An- 
Igje : But the Moon, when it is in the Horiioa, has 
>k leiiGble Parallax^ and fometimes it a greater than 
• Degree. 

I Hence it foilows, that tbe Parallax always 
■fiicws the Moon more deprefled, or at greater Di- 
'' fiance from our Vertex, than it really is : This De- 
"ireffion will change its Place according to the Ec- 
iptick, and make the Moan appear to have a Lon- 
iiude and Latitude diilerenc from what it has, 
'hen fcen from the Center of the Earth. For in Pine xu. 
Figure, let the Circle HCZ be the Meridian, fifi- »• 
the Circle paffing through the Verttx of the 
rff*/«r and the Pole i let Z be the Vertex, H E D 
! Horizon of the Place, CE the Ecliptick; in 
'hich let the Moon according to its true Place be 
|r^ L, without any Latitude; letZT be a Verti- 
cal Circle pafling through the^M"; and bc- 
Fcaufe the Parallax always depreffes the Moon in 
prtie Vertical, the apparent Place of the Moon will 
I'be fiirther diilant from the Vertex Z, than the true 
(»Piace is. Let the apparent Place be O, and fine* 
[•the true Place is L, the Parallax will be L O j 
'which being in the Vertical, or Circle of Altitude> 
|t4 called the Parallax of Altitude. Through O let 
[■"Ihcre a Circle oils, which is perpendicular to the 
rEclipliclc, meeting with the Ecliptick in w .- That 
kPoint will be the apparent Place reduced to the 
■* L f Ectip- 
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Lcibae Eclipcick, and the Arch L « is called the 
XiV. ofLangfSude., and Ow, the vififale Diftance of ita 
V''Y"^ Mooit from the Ecliptick, is called the Moni% P*» 
aJUx of Luiiimie. For determining the Fb*^ 
of Echples, as they are to be fecn from a givai 
Place, it is neceilary to know at that Time die 
true PUcci of the Moon and Si%, which map be 
computed by Aftronomical Tables from any gno 
Moment of Time. Moreover, wc muft know die 
apparent Place of the Moon^ which is to be detcf 
mined from a true Place, by a Computation of die 
Moon's PdralUx ; which being premiled, theTimt* 
aixl Fhafii are thus found out. 

Let p k be z Portion of the Ecliptick; S 
Place of the Sun therein, a: the Time of rhc i 
ConjimSioKi and / the apparent Place of the A 
reduced to the F.cliptick^ lo the vifible LaiitudBj^ 
pbte XD, of the Moony and /S will be its vifible Loi^tudc 
V't- 3- from the Sun. At a fmall Ponion of Time bei; 
fore the true ConjutiSioTi, find out again cbe vifibla 
Place of the Moon in the Ecliptick ; which let it 
'* ^''ff*' at f > and let ^ j be the Moons vifible Latitude: 
'mfiOiEc- Draw yo, which produce, and let it meet with tli 
/.>/(. Ecliptick in k ; and q k will be the vilible Way f 

the Moon from the Sun at the Time of the Cw 
juniihn. In the Triangle qon, right-angled at a 
we have en the Difference of Longitudeofihe Woo* 
from the Sun in p and /, and q n the DiSerence of 
Latitude ; whereby we can find the Angle f s »■ ok 
y k p, which is equal to it, and which is the TRcUnt^ 
lion of the vifibie Way of the Maon to the Ecli{^ 
tick. From thence alfo we can End the Side j ^ 
and by them wc can find the Lines ef-,tt,SI^* 
andSf. For pi is to 50, as /i is to 1 : An(t. 
in the Triangle oik, by having I and the Angle' 
*, we can find ok and Ik, and thereby Sik^ 
and S *. Now, when the Center of the Moan ig 
feen at *, then is the vifible CevjunSion of tha 
Sum and Moon- And therefore we fay, As jo i. 
to D (, or as f / is to /S, fo is the Time that thC' 
Moon moves through the Space 5 o, to the Time it 
inoves through fj and then we fliall have tl^e 

Titan. J 
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?ime between the true and vifibic CmjuHSim. LeSura 

?rom S upon the Way of the /Hoa?i Ic fall a Per- XtV. 

(cndicular S w, and in ihc Right-aogled Trianale 

i m-, we have S k and the Angle k ; therefore 

•e can find out S w, which is the lead viliblc Di- 

ince) or the neareft Approach of borh Sun aiTil 

f«». If this Diftance be greater than the Sum 

.. ■ the Semidiamaers of the Sun and /fww, there 

DF^l be no Edipfe vifible in that Placc^ bur if n 

DC Icfi, the Difference reduced into DigKS wiii 

(hew die Quantity of the Eciipf^. Having h= 

$ide S pi, and the Angle f S W] which \s equnl to 

the Angle k, we can find out the L,ii;»c / w. and 

Ihence the Time the Moan, in hc-^"vi;:blc Way, 

lakes to defcribe the Line ; w, which is the Time 

^letWfen the vifible ConjaHfiwn, ami the M()menC 

jTfiiteft Oblcuration. 

H8 Beginning of the Ecliple h thus deier- p;.t! xu. 
cd : Let p i be a Portion of ihe Eciiittick. i ^*- 4- 
Kfore; S the Center of Lhe Sua ,■ let j -4 bf rhr, j 
ijfibie Way of the Moon, Sw it^ flionelt Dittim;;* -^ Ca/^ir/a. 
im die Sk». Draw from the Sun to the W.iy '-^'il"'"'^ 
iJUbps, the Right Line s q, equal to the Senii.li- „3' ^!,j'ji 
VneccTs of both Sun and iWaun : And then, >A'hejif4'AV/i>ji. 
^e Center of the Mao» comes to y, the liclipis 
rill begin to be vifible, and the two. Mar(;ino of 
ieSfP and flioon will feera co touch one another. 
1 the retfiangled Triangle j S Wj we hjve rlie 
jde Sf, equal to the Sum of^theSeroidiatncersof 
w Sw and J\looi>} and S w the ne^reii Approach 
fitheir Cent-ersj from wheace we can .find out 
K Angle jSra, the Angle of Incidence, and alfo 
le Side q m ; and thereby we have the Time where- 
I theJMoondefcribes the Line 5 m, and trom rhence 
^ Time between the Beginning of the Eciipfe 
jmd the Time of the greateft Obfcuracioo. 
- After the fame Method we may find the 
^ime of the vifible Eqd of the Eciipl'e. But here 
re tnuft begin again, and compute ^new, by the 
Parallaxes, the vilible Way of rhe Moon from the 
Ent, after the ConjunSh?:, which will not be tho 
Eune it was before. For the Inclination of the 
vifible 
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Lefhire vifible Way is connantly changing, 

XIV. Quantity of the Parallax \s in perpetual I 

^^^•^ the Moe» rifti and falls in Altitude. Seek i 

ft)re> about an Hour after the Conjuniiiort, the v 

Loi^tudc of the Moon from the Sun, and it$ t 

Latitude, and from them compute the Indin 

of the Moons Way from the5i(»i which 1 

found, by the fame Method we found the 1 

the B^innin^ of the Eclipfe, we may lilcewife Gi 

the Time of irs End. 

A Diurmi- If the Thufis of an Eclipfe for any Moment o 

"'•"'f'^Tmc be required, find for that Time the Place o^' 

iwitf^i the Mom in her vifibic Way i and at that Center^ 

*/3mm. and with a Diftance equal to the Semidiametei o^^ 

the Moony defcribe a Circle; likewife at the Cen-^ 

tcr S> with a Diftance equal to the Semidiametcf''^ 

of the Sun, defcribe another Circle ; the Inmrle&i- '^ 

ons of thefe two Circles will Ihew the Thafsd di 

Eclipfe, and the Quantity ofObfcuration, as aUb^ 

Pofition of the Cufps or Horns. 

Before we make an End of this I 
of Eciipfcs, it will be requifite to explain < 
notable Appearance, and to fliew the P 
of it. 

Ik total Eclipfes of the Mean, even when ; 
is near the Center of the Shadow, her Body is 
frequently to be feen of a pale and lai^uid Colour, 
which could not be without her being illuminated 
with fome Light ; and fomc will wonder from 
whence arifes this Light. Some fufpefted chat it 
was the native and proper Light of the Moom her- 
(elf. Others derived it from the Planett and Stars ; 
for the Interpofition of the Earth intercepts aU 
the Light of the Sun, and feems to bring a diick 
Darknels upon the whole Space taken up by the 
conical Shadow, But we muft confider, that the 
Barth is furrounded with a Sphere of Air of a eon- 
fiderable Depth and Denfiry, which has a refrac- 
tive Power, whereby it turns the Rays of the 
Sun out of their Way when thCT fall upon it, and 
iftakes them enter the conical Shadow; which 
therefore will be illuminated by that fmall Qyan- 
city 
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,y of Light which falls obliquely on our Auno- Lefiure 
jiherc> and imparts ro all the Bodies within it a XV. 
■mc Light, the which will illuminate the Jl/om, ^^v^ 
:n when it is in the midft of the Shadow, 
I make it vifible to our Eyes, as the Figure PLte xn. 

Fig. J. 



LECTURE XV. 

—f the Vhxwomzm or Appearances ^i- 
W^g from the Motions of the Earth, 
1 end the two inferior 'Planets Venus 
[ and Mercury. 

THERTo we have contemplated the 
I Motions of the Earth and Moon:, and 
\ have given an Account of many Ap- 
I pea ranees that arife from them- The 
\ Moon indeed is no primary Planet, 
bur a fccondary, which does no other 
frays go round the Sun, the true Center of our Syftem, 
han by accompanying our Earth, to whom (he pro- 
■(ierly belongs, in her annual Courfe round the Svn. 
■ But the chief and primary Planets of our Sy- "^i 
f ftem, which perform their Circulations round the""' 
Bun, without regarding any other Body, are in"'' 
Number fix, fis. Mercury 5. ff«*r 9, the 
Earth ®, Mots <?, Jupiter V, and Saturn Tt^ 
whofe Motions and Appearances arc now to be ex* 
plained. And) firfi, we have already demonftratcd, 
that the Orbits of Venus and Mercury include the 
Sun, and that they are included within the Orbit 
of the Earth; and fin ce they finifli iheir Circula- 
tions in lefs Time than the Earth does, it is ma- 
pifeft that ihefc FlaBtts, feen from the Sfn, wili 
appew 
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Lcdure appear in the Heavens {bmecimes nearer, 
XV. fomccimes further frotn the Earth -j and chat ' 

times they may from thence appear in the iafflij 

Point, and fometimes in oppofite Points of tk^ 

Heavens, with the 'Earth. And becaufe Vtnm %Bk< 

Mercury arc carried fafter about than the Eartb^ h^ 

SpeSlator in the Sun^ after feeing either of them i».| 

Conju7i6iio7i with the Earthy will fee it recede ftonnj 

the Earthy which follows with a (lower Motioiv. ; 

and get by D^jrees a good Way to theEj/lof d« 1 

Sun, ' 

As thefe Planets, feen from the Snn, cboflP 

their Pofirions in reQ^ft to the Earthy fo likewfe 

wc, feeing them from the Earthy obferve that 

change their Pofitions in refpcA to the Sunj 

are fometimes nearer, fometimes further u 

from him ,' and fometimes they appear in (^ 

jun£iion with the Sun, But the ConjunSitm f£ 

Two Cafct ^^^^^ Planets feen from the Earthy do not odiy 

tfCMjun- happen when the Earth and they are (een togpte' 

aioni, in Conjun^ion from the Sun, but alfo when i 

Spe^ator in the Sun fees t)ie Earth and tfaea\ !■■ 

Oppofition : Even then the Sun and they, ijcn 

Plate XIII. from the Earthy appear to be in ConjunSitnt. ' Fci 

fifi. '• let S be the Sunj ABC the Orbit oiF the E^i' 

F H V the Orbit of Fenus ^ and let the Earth 

in T, and Venus in V, in the Line which joins 

Centers of the Earth and Sun: In this Pofitioa 

Venusy feen out of the Sun, is in ConjunSion with the* 

Earthy as the Sun from the Earth is feen conjoiitt 

cd with Venus, 

But if the Earth were in T, and Venus in F, t 
Spectator in the Sun will fee Venus and the E^rtb 
in Oppofition, or in oppofite Points of the Heavens. 
B\xt a Speffator in. the Earth will fee VeTims not in 
Oppofition to the Suny but in Conjunction with hiin. 
In the firft Cafe of thefe Conjun^ionsy Venus is be? 
tween the Sun and xh^ Earthy in the other the Sum 
is (ituated between the Earth and Venus y ahd Vetnat 
goes above the 5ii» : The firft is called the infirm 
Conjun£iiony the fccond the fuperior. 

After 
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TER either of thefc two Sores of Conjun- Lcftiire 
', Venii! wiil feem daily to remove funher XV. 
n the Neighbourhood of the Sun, and will daily (•V*^ 
to gecfuKher off from him; but ftilt Hie keeps 
■Certain Bounds, for fiie never comes to be 
ijfe the Sun ; nor does ftie even arrive at 3 
%aiteAfpe£i, which is 90 DM;rees ; or a Sex- 
^S-, which is 60 Degrees diftant from the 
And Venus is feen at her greiteft Diftance 
Q the Site, when the Line which joins her Cen- 
!r with the Earth, touches the Orb of Venus, as 
Jour D. For when ihisP/anft is fin her advanced 
i H, its Place in the Heavens is feen to be nearer 
R the 5vs, than it was before at D. Now before 
le came to D, fhe always receded more and more 
'" Q the San: And after ihe has left D, Jhe every 
/ comes nearer to the5«w: It is nee eflary, that 
K^Cnveen the Times of her Recels and Approach, V" ^^i^- 
■Bte become flationary in reipedt to the Sua, 3nd'^"°^"^^ 
■ftr fome time appear to keep the fame Diitanccsun. '"" 
a him ; at which Time the vifible Morion of 
( will he equal to that of the Sun. The Arch 
IF I great Circle, intercepted between Venus and 
II StsH) is called the Elongation of that Planet from 

PBut here it is to be obferved, that only in iiit Eiagf 
Circle, which has the Sun for its Center, the """'"•"''■ 
greateft Elongation" happens, wlicn the Right Lioe™)"-'^^'''* 
which joins the Earth and Planet touches. For in is 1. a i/m 
an ElUptick Orbit ir may be, that the Elongation ""'■W '^^ 
from the Sun may grow ftill greater, even after ^,j!""" 
it has left the Place where the Line joining the 
Eartb and Planet touches its Orbit : For after 
that, the true Diftance of the Planet from the Sua 
may increafe, whilft the Diftance of the Sun and 
P/anet from the Earth does not increafe, but they 
may rather decreafc. And therefore in two Tri- 
ai^lcs, the greater Bafe will fubrend the greater 
Ai^e. But becaufe the Orbits of the Planets arc 
nearly circular} iiich {mall Difterences may be here 
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Lefturc The greawft Eloi^rion of P'e**/ is found \ 
XV. Obfervacion to be about: 48 Degrees, bv whii:b»:J| 

^^Y*^ ' circular Orbit> wc may know ihie Difiincs j 
Ftimi from [he Sun, in refpoft of the E^mb'tm 
ftance from the fame: For ST is to S D, a 
HaMut is to the Sint of the Angle S T D> 1 
is the greateft Elongation. 

Hence alfo it is manifeft) that VtnmSj 
the Time of her fupcrior Cenjuiilioii, where i 
is fiirthcft from the Earih, to the Time of | 
inferior Conjuniiion with [he Sun, where the % 
proaches neareft it> b always feen roorc ^a^trij 
than the 5«»; and all that Time Vtnm (its Uter 
dun the S««, and is feen after Sun-fetting ; aad ^ 
then (he is called the Evenin^-Srar or VefptruSt be- 
ing a Fore-runner of Night and Oarkoels. But 
from the inferior CaMJuHaian^ till (he comes agiio 
to the ruperior, fhe is always obferved co be lo J 
the iVefi-mard of the ^«»> and confequeruly nut M 
(et before him in the Evening, and rife befbfiS 
him in ihe Morning) and then the is onlytoMlfl 
iecn before Sun-riling j when Ihe is called d^H 
JH»rmng-SiMr or Fhoffhorut, her Appearance foricfl 
telling that Light and Day are at Hand. ^ 

Let us now fuppofe Verus and the E*r/i (B^ 
be feen out of the Sun in Conjuniiion, and the one 
to be at V, the other in T, in the fame Point of 
the Ecliptick : In which Pofition Venut and tfie 
Sun arc feen from the Earth hkewife in Cm- 
jnnSiBn. After this, Venitf circulating fiilter than 
the Earth, being come ^ain to V, and having 
iinifhed her Courfe, and by an angular Molicm 
round the Sun, defcribing four Right Angles, will 
not have overtaken the Earth ; who in the meaa 
Time has proceeded forther in her proper Orbit. 
And therefore Vettui muft ftill move farther on to 
come in a Right Line between the Sun and dw 
Earth. Let S L M be the next Right Line in 
which Vtniit is feen from the Sun together widS 
the Earth, To that yenus may be in L, wheo the 
Eartk is in M : Now before Venin cm overtake the 
Earthy fhe mud not only tinilh her own Circula- 
don. 
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_.!> or four Right Angles, but alio fo much angu- Le^ur* 
r Motion more, as the Earth has made In the XV. 
can time round the Sun. Now the angular Mo- 4^VNI 
jjn of Venus and the Earib, performed in [he fame 
Kmc, are reciprocally as the periodical Times of 
■ntts and the Earth. And therefore, as the pe- lit T,mt 
Kiical Time of the Earth is to the periodical *;««<" '*» 
ime of Venut, io is the angular Motion of K«.w ^i);^",^ 
iphicb is equal to four Right Angles, and moi^ Jami Kiij, 
Wet to the angular Motion the Earth makes from 
; Time of one Comjuitiiien to the next} to the 
gular Motion of the Earth. And therefore by 
Divifion of Proporiion, as the Ditlerence between 
" s periodica! Times of the E^rth and Vemu is to 
E periodical Time of Km*;, fo are four Right 
feingles to a fourth Qutntity; which (iicws the an* 
Tdar Motion of the Earth, from the Time of her 
tmjiniiliiiti with Fmut, to the Time of the nen 
CowjuttSiim of the Tame Kind. Now the periodical 
Time of the Earth is 5^5 Days and 6 Hours, or 
iy66 Hours. And the Period of Venus confifts of 
-224 Days i^ Hours, or 5;9Z Hours, who^ Dif- 
ference is 3374 Hours. Say then, As 3^74 is to 
9392, (b are four Right Angles, or ^^ D^ees* 
CO * fourth Number of D^rees, which is 575; 
which Motion is equal to a Circulation and a half, 
and befides to 35 Degrees j which angular Mo- 
tion the Earth makes in the Space of one Year 
and 218 Days. And therefore, if Ventit fhould bt 
diis Day in ConjuH^hn with the Sun, in the in- 
ferior Part of her Orbir, (he will not come to the 
lame ConjunRion again, till after a Year and (even 
Months and twelve Days. And if one ConjunSiom 
be in the Beginning of Ariei, the next will fall out 
when the Sun is in Seorph. There is the lame Di- 
Aance of Time between any two other fimilar 
PoGtions of Venyi and the Sun. For Example, be^ 
iween two fuperior Conjunftians, or between two 
iiich Situations of Venui, where fhe has a gives 
Elongation from the Sun the fame Way. 

TBI* 
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Lcdhirc This Troblem and another of the fame Kt* 
XV. ture, about the Conjun&ions of the Sun and JIAm, 
%^V^^ are otherwife folved by the j^ftronomers^ for thqr 
jtfMber find out the Diurnal Motion of Venus feen from 
^itbefam^^^ 5»;f, and likevvifc the Diurnal Angular Mo- 
' tion of the Earth ; and the Diflference of thde 
Motions is the relative Diurnal Motion of Venm 
from the Earthy or the Quantity by which Venm 
i& feen to recede from the Earth every Day, by a 
Spe&ator in the Sun, Thus the middle Motion rf 
the Earth is every Dav about 59 Minutes and 8 
Seconds: Venus*s middle Motion in a Day, n 
I D^ree 36 Minutes and 8 Seconds, whofe Dif- 
ference is 37 Minutes. Say therefore. As 37 Mi- 
nutes is to 360 Degrees, or to 21600 Minutes, b 
is one Day to that Space of Time, wherfein Veumi 
having left the Earthy has receded from her 366 
Degrees i that is, to the Time in which (he re* 
turns to the Earth again, which is the Time bfr- 
tween two ConjunBsons of the fame Kind> which 
will be found to confift of 583 Days. 

But thefe Conjun&mis are here computed ac- 
cording to the middle Motions of the TlanetSy fiTO- 
pofing them to move always equably, or widi w 
fame Angular Velocity; and they are therefoni 
called mean Conjun&ions, But becaufe Venus and 
the Earth are really carried in EUiptick Orbits, in 
which their Motions are conftantly variable, fome- 
times going fafter, and fometimes flower ,• it tnty 
be, that the true ConjunBions ihall happen fome 
few Days fooner or later than the Computatioa 
we have given ; yet having the Time of the 
Plate XllL mean Conjtmtliony the true Conjun£iion is from 
•^'S*»« thence to be computed after this Manner: Let 
A B C be the Ecliptick, in which A is the Point 
where the Vlaitets are to be in Conjuniiion accord- 
ing to the mean Motion. For the Time of this 
Con^un&hn^ compute by Aflronomical Tables the 
true Places of the Earth and Venus in the Eclip* 
tick ; and (uppole Vevush true Place in the Eclip 
tick to be D, and the Earth in T, by which wc 
fliall find the Diftance of the Earth and Venus 

Teen 
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Sea from the San : But we have, for that Time, Lefturc 
he angular Motions of thcle two PUveis for ariy XV. 
;iven Space of Timei for Example, for iix Hours; i^y^ 
nd [he Difference of thefe two JVIocions will give 
be Accefs of Venus to the Earth, or her Rccels 
rom it in fuc Hours. Say then, As this Difference 
if Motions is to DT, fo is fix Hours lo the 
Time between the mean ConjuailioH and the true ; 

Irtiich Time, added to, or fubtrafted from, the Time 
mean ConjunHion-, as Voius is lo the Ea/? or 

jiffy? of the Earth, lliews the Time of their true 

It is plain from the InfpeiSiDn of the Figure, y™"'*™- 
Ihat though Feaus does nearly always keep thef^"'^_ ^^ 
ftnie Diftince from the Sun, yet (he is concinuallyij|yjfl«. 
changing her Diftance from the Earth ; and her/''''" "^ 
Oiftanca is greatelt when ihe is feen in her fupe- ^'^" 
nor Conjunction with the Sun ; and it is the leait 
Vhen fhe is in her inferior Conjunilian : And the 
Difference is fo great, that it equals the whole 
Diameter of Venus'^ Orbit ; fo that the Diftance of 
Yenui from the Earth-, when flie is in her fupcrior 
ConjunSion, is to her Diilance from the Earth in 
rtie inferior, as i to 6 : And therefore Venut ap- 
p^aches the Earth (in times nearer in the one 
FoGiion, than in the other; andjuft fo much are 
apparent Diameters of Fe»w changed, as we 
fibfcTve them to be. But thele greatelt and leaft 
piftiDCes are fomewhac changeable, upon the Ac:- 
Axnic of the Elliptical or Excencriclc Orbits: For 
KmMt is then moft remote from the Earth, where 
die fupcrior CoujunilioTi happens when Venus and 
Ae Earth are both in their Afhelhns. And the 
Diftance of Veiim and the Earth is the leaft of alU 
vrben the inferior Conjunllim falls out when 
Wemis is in her aphelion, and the Earth in her Peri' 
At lion. 

BECAtTsE Vinus is an opake Globe wiih-?*»P!iaf«s 
out any Light of her own, and only ihines withjf^^"'?' 
^c twrrowed Light of the Suu, that Face oi^fil^^gg^ 
Vnmt will only appear bright, which is turned to- 
M Wards 
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Lcdurc wards the Sun, while the Oppofire remailw in 
XV. Darknel'si and for wane of Light, is akc^echer in- 

\,^Y-^/ viriblc. Wherefore, if theSituadoo of the Karth 
be fuch, that this dark Side of Vtntis be turned to- 
ward the Earthy P'enu will become invilJUCi ei- 
cept by chance (he appear like a black Spec in the 
Disk of the Sb» : But if the whole ilJuminated 
Face of P'tnus be turned towards the Earth, as it 
is when (he is near her fuperior Conjunifion, [ben 
Die appears like a full fhining Orb i and according 
to ihe different Pofnions ot the Earth, Venus ana 
the 5un, Venus will have different Forms, and ap- 
pear with different Faces and Figures, and will un- 
dergo the fame Changes and Viciflitudes in her A^ 
pearanccs that the Moon docs. 

PI«eXni. Let ABCDEFGH be the Orbit of Venufw 

Fi(. 3. T L a Portion of the Orbit of the Earth, in wbict* 
[he Earth is at T, and let Venus be in A in her fi*^ 
perior Con'sunSion with the Sm" i it is manifeft i*"^ 
this Situation of ihefe two Planets-t that the FiC^^ 
of Venus, which is illuminated hy the Sun, is 'ike— ^j^ 
wife turned towards the Earth; and then Vena^^^ 
will appear to us like a full, lucid Circle, as th^^^ 
JtfooM does at Full : But when Die has gone from ^^ 
tfaence to the Pofuion B, fome Part of her obfcurc "^ 
Hemilphere will be turned towards the Earth, and "^ 
will lofe fomethins of her Fulnefs, and feem to us 
to be gibbofe. When Venus comes to the Pofition ^ 

CC, but half her illumiuated Side is turned towards 
the Earth, and then fhe is feen like a half Circfe, ■^ 
ts the Maim is when fhc enters in her firft or laft '^ 
Quarter, But Ve>:us, when Ihe arrives at the Po- ^ 
fition D, has but a fmall Part of her illumiDated ^ 
Side turned towards the Earth : And becaule Ihe J^ 
IB of a foherical Figure, which to us, becaufe of 
its great Diftance, appears like a Plane ; the illu- 
minated Part which we fee, will appear to end in 
Poinn or Horns, whofc Direflion is always oppo- 
fite to the Sun. But Veuus, when ihe U in the 
Polition E, chat is, in her inferior Conjundio/t with 
the Sua, has her dark Side totally turned towards 
ihc Earth j and then fhe quite difappearS] unlels 
file 



i 



BIov 
ICcnl 



LECTURES: is; 

flie happen to be in her Hode, or near it ; then (he Lcfturc 
will appear Hke a black Spot to pafs over the Body XV, 
of the Sun, which delightful SpesSacle was never OTOJ 
fcen by mortal Eyes but once; and it was our 
Countryman Mr. Horrox, who alone enjoyed that 
pleafure. Fexus will undergo the fame Pli^Jes while 
flie pafles through F,G to H ,■ vix,. about F ihe ij 
kimed, in G a haJf Qrclc, in H gibbofe, and in A 
■gain full. 

These Appearances of Venus, though they 
IK not to be dilcemed by the naked Eye, yet they 
ire dilbnftly and plainly to be perceived with a 
Tele&ope. Before the Invention of this noble In- 
ftrument, when Coperm<vs iirft revived the antienc 
Pythagorean Syflcm, and propofed it to the learned 
^ ^firononty, to whom he maintained) chat the 
XiaiKts, among which he reckoned the Earth, did 
move round the Sun, which was immoveable in the 
Iter ; it was objefted to him, that if the Motions 
if the Vlanets were fuch as he fuppofed them to be, 
4cn Venut ought to undergo the fame Changes 
toAPhafei as the Moo» does. Copermus anfwer'd,'™'^™^*^ 
fhat peniaps the AjirmomeTs in After-ages would find, ^^^''^'" 
that Venm does really undergo all thefe Changes- 
This Prophecy of Copernicus was firft fulfilled by 
_-^aC great Italian Philofophcr Galikus, who diredt- ^j,/, pi,jf„ 
* bis Tekfcope to Venus, obfervcd her Appears ncesA:'' <Ajimti 
unulate the Moon, as Copernicus had foretold :*'*^''''"'^- 
thcfe Obfervations did fuq)rizingly confirm the 
Syfiem revived by Copermcus. 
If cbe Centers of the Sun at S, Earth at T, and 
of die interior flanets at O, be joined with 
s, they will form the Triangle TSO : And 
dirough the Center of the Plamt there paS 
Planes, one perpendicular to the Line TO, 
the other to the Line SO; the one will cue 
•iff tbe Hcmifphere, which is turned towards thepj^fj^],, 
Xartb; the other, that which is turned towards Fig. +. 
%e Sun, and by him illuminared. And the cxte- 
Aar Angle of the Triangle TSO, which is at the 
Hmei i that is, the Angle P O S, will be equal to 
M 2 the 
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Ltfture the Angle w O 5, which meafarcs my the Por 

XV. of the illuniimred Semicircle that is turned lowardf 
^■'V's^thc Earth. For the Angle SOr is a right ADd4 
and fo is the Angle mOT, which arc thercfonf 
equal ; but the Angles r O P and f O y are hkewiiff 
equal, being vertical to each other i and thereibrQ 
^^g taking away Equals from Equals, there wUl remain' 
tilt §^1/' ^^^ Angle SOP, equil to the Angle m O ^ ; which 
l^aiitm. Angle is mealiired by the Arch ;«f. And thereforft 
the P.irt of the illuftrared Semicircle which is tt>- 
wards rhe Earth, and is to be feen from thence, doo 
always mearure the exterior- Angle S O P of the Tri- 
angle SOT. Now [his Arch, as feen from the 
Earth, is projefled into its own verfed Sine upoo 
the Disk, as we (hewed before in the Moo)). And 
hence the Illumination of yenvi feen from the 
Earth, is to her full and total Illumination, allothei 
Things remaining the fame, as the verfed Sine ofc 
the exterior Angle at Veniii is to the Diameter ofr 
ihe Circle. 

Although yfmis in A Hiines upon the Earth' 
at T with a full Face or Orb, yet flie doei not 
appear there with her grcateft Brightnels mA 
Luftrej for her Splendor is diminilTied on the Ad- 
count of her greater Diftance from the Earthi 
and it is leflcned in a greater Proportion than die 
confpicuous Part of the illuminated Disk is in- 
creafed. For the Luftre of Venut decreafes in the 
duplicate Proportion of the Diftance incrcafed. 
But the vilible illuminated Part of her Face in- 
creafes only according to ihe verfed Sine of the 
An^le SOP ; and therefore the grcarcfl BrightncS 
of Venut is not when ilie is in A, bur rather when 
ihe is about O, For fuppofe Venui at O four times 
rearer the Earth, than when the is in A ; in that 
Cafe every de:ermined Pare of the illuminated 
Disk will give fixteen times more Light, than the 
fame Part does at A : But in O it may happen, that 
only a fourth Part of the illuminateo Disk can be 
fi;en from tlie Earth ; and therefore the Brighinefs 
oi Venus is more increafcd by her Diftance being 
diHiinillied. than the faoie Biightneis is IcHened 
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•cm Account of a fmallcr Portion of her illumifliced Ledhire 
Disk being vifible from the Earth. XV. 

If you delire to know in what Pofition Venus {.^yrS^ 
appears with the grcatelt I.uftre, the great Gronie- ^^ '*^ 
Jer and ^flroriBrner, Dr. EdrnuTid Halie^y my Col- ,-, ^^^ 
I^ue, has given us an elegant Solution of this 
TToblem in the Fhilofiphkal TrnTtfiSimis, Numb. 
3+?j wherein he has fhewn, that yesui is brighteft 
when Jlie is about 40 Degrees removed from the 
Sutt; and thit then but oiily a tourth Part of her 
lucid Disk is to be feen from the Earth. And in 
this Situation Venus has been many times feen in 
the Day-time, even in full Sun-iliine. This - 
Beauty and Brightnefe of Venus is very admirable, 
who having no native Light of het own, and only 
enjoying the borrowed Light of the^**, fliould yei 
^break our into fo great 3 Luftre, thar the like is not 
to be obferved in Jupiter, nor even in our Moohj 
when rtie is in the lame Elongation from the Suji. 
Tis true, the Moon's Light is much greatctj upon 
j(hc Account of her apparent Magnitude) than that of 
Vemi-^Ki it is butaduU,and, asir were,dea(i Light, 
jpbich has nothing in it of that Vic^rur andBriskncfi 
that docs always accompany the Beams of Vmus. 

If the Plane of the Orbit of Vetius coincided 
perfedlly with the Plane of the Ecliptick, VenusThiPlanrif 
jWOtrid always feem to move in the Eclipiict^ and 7™?"' "''" 

:< t&-where recede from it. But ffsw's Orbit ''oes;,;,^"^^^' 

Jpot lie in the Plane of die Ecliptick, but is in zHpiu-k. 
^lanc which is inclined to it, in an Angle of 3 De- 
Ilirees and 24 Minutes, and cuts the Plane of the 
^clipticit, in a Line which pafles through the Suss 
'"Center, that is called the Line of the Nodes. And 

the two Points, where the Ocbit of the Flanet pro- '^f i;-.f a/ 
duced cuts the Ecliptick, arc named the Nodtj, '*= *'«'"- 
j&nd therefore Venut is nsver feen, either from the 
Si"' or the Earth, in the Ecliptick, but when flie 
the Nvdes:, in all the other Points of her Or- 
bit} Ihe is fometimes nearer to the Eciiftlck, fome- 
IJmcs further from it; and feen from the j'»w, (he 
makes her greateft E:{curiionj when (be is 90 Degrees 
■(Uftan: from both tlie Nodes. 

M 3 LE.T 
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Leisure Cft TAB be a Circle in the Plane of th«^* 
XV. Eclrp[ick, L « V N the Orbit of Veniti, curtin;;^^ 
•t-V"^^ the Plane of the Ecliptick in the Line « N ; w»-"~^ 
muft conceive the one half of this Orbit of P> — ^^ 
FhK X\a.i«s wLN to be raifed, or to ftand above th ' ^ 
fie-S- Plane of the Ecliprick, and the other half j»VN""^ 
to tall below thii Plane; and when Vetms is in N V 
or n, flie is then in the Ecliprick : But when fte ■^ 
arrives at P, Oie ts Teen to deviate from it ; but ~ 
in L, the Arch N L being a Quadrant Ifcen from 
the Ski, fhe appears lo recede the furtheft from 
the Ecliptick; and ihis Point L is cdled the li- 
wf/, dttertniiiTng lier greateft Excurfion; for froiiL_ 
thence depircing. Die again approaches the Ecftp^ 
tick. If from the Place of Venus, as in P, weK^ 
fa!! on the Phnc of the Ecliptick a PerpendicuW" 
PE, ^nd draw SR, the Angle PSE will meallltt" 
the Diftancc of Vsttus frotn the Ecliptick, w!i>cli 
7S# Hcliiy is called yemts's Heliacenirick L,ttituJe, or (lich as '^ 
i"«"^il is feen from the Sun. Now this Latitude, hav*** 

velligated : Let the Arch N E be a Portion of ^. 
Ecliptick, N P a Portion of the PU?,et's Or ^\ 
produced to the Heavens : Let P be the Place ^ 
Venus, N the Node ; and let a Circle paTs throi»^ 
the Place of the Planet perpsndicular to the EcI'P" 
tick; the Arch PE of thi-: Circle, intercepted t<- 
tween the Planet and the Ecliptick, is the DiftailC« 
of the Planet from the Ecliprick, or the Meafii** 
of the Angle PSE. Now in the fpherical ReilaJh 
gular Triangle P N E, befides the Right Angle st 
E) we have the Side N P, the Diftance of iba 
Planet fiom the NaJ^-, alfo the Angle N the Id- 
clination of the Plane of the Orbit to the Eclip- 
tick ; wherefore by Trigonometry we can find out 
PE, which is the Helioeentriek Latitude of the 
T/anft. This Hslioeentrirk Latitude, when tho 
Planet comes to the fame Point of its Orbit, is al- 
7l«CeDcen- ways the fame and unchiinsjeablc : But the Geo~ 
tJKi: Liti-cfKtrick Laiitxde, or the Diltance of the Planet 
""*'■ from the Ecliptick, as it is feen from the Earth, 

even though the Planef be in the &me Point of 
h-r 



\ 



LECTURES. 



i«7 



[•t Orbit, is not conllanily the fame, buc alters Lecture 
'^cording to the Poii:ion ot the Earth, in relpect XV. 
g die Fhnet. For let B T A ( be tlie Orbit of the iXW 
^mb, nPN, as before, the Orbit of the Planet^ 
\ fuppofe to be at Pi from which let fall oa 
le Plane of the Ediptick the Perpendicular P E : 
i whaiever Piirt of her Orbit ibe Earth is, this Pl^'f Xill, 
JUac P E will always fubtend the Angle which ^'^- ^* 

fecaju^es the Geocentrkk hatitude of the Planet. 
ippofe therefore the Earth at T, and Ve«us in P> 
Miere flie comes ncarell to the Earth ; in whicb 
■bntioa Venas is fecn in her inferior CoHJunSioM 
Bach the Sun, and her Geoctntritk LatituJe is mea- 
bed by the An^le PT E- But if Venus flionld 
M ia tbe fame Situation P, and the Earth were at 
K «ad from thence Vevus were obferved in her 
P^crior CovjunUion with the Sun, where Oie is at 
MT goeateft Diftance from usj her Geocentricai La- 
Kki£ would be anfwerable to the Angle P/E, which 
k much lefs than the Angle PTE; becaufc tbe 
Diftance Pr is greater than PT. What we have 
■iBee God of the Latitude of Venus, is likewife true 
If liat of Mercury, and upon the fame Account. 
Bence it, is plain, that the inferior Planets, ail 
glher Things remaining the fame, have a greater 
K^tude when they ara near the Earth, than when 
Key are further off. And it may happen, that the 
KUeaarieai Latitude of Venus may be greater than 
Mb Heiisctntrkk, which will be when flie is be- 
p>cen the Sua and the Earth, and fhe is nearer to 
B than to the Sun. But Mercury keeping al- 
bsys at a greater Diftance from the Earth, than he 
laB from the Sun, his Geocentrick Latitude will 
nnftantly be leis than his Heliacentrick, which, 
men ar the biggeft, is about 7 Degrees ; for To 
puch is the Inclination of his Oibit to the Plane 
jlf the Eclipticli- 

f SVACe. none of the Orbits of the Planets lie 
■ the Plane of the Ecliptick, bat all of them cut 
t in a Line palling through the Sun, no Planet 
■n be above twice in the Time of its Period in 
E Ecliptick, which is when they are in their 
M 4. Nodes i 
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Lcfture fJodes \ at all other rimcR every one of them wi» 
XV. deviate, fomc more, fomc le(i> from the laid PUiH 
V^V'**rfof the Ecliptick i But yet there are ceitain dnef' 
minate Boundaties which they never rranrgreQ- 
And therefore, if we imagine in the Heavem i 
Zone, or broad Circle of ao D^rees Breadth, 
that is, lo Degrees on each Side ofthe Ecliptick, 
Zo- which lies exaftljr in the Middle of this Space or 
'■■ Zone i fuch a Spice will conitantly contain all the 
Planelt in its Compafs, and is called the Ze^etii 
from the Images of living Creatures, or the Con- 
ftelhiions which fill chat Part of ihe Heavens: The 
Earth keeping always, as it were, in the KinR* 
Highwjy, never turns out from its Gourfe in il* 
Eclipticfc ; but the Mem-, and the other five Wm*'. 
deters, will make Excurlions from it, for fevec* 
D^rees, fometimes to the i^orth-pJt, and ^ott*^\^ 
times to the Siuth-fidi of the Ecliptick ; and V^ 
they always keep within the Bounds of the ^ 
diack. ^^^ 

•The Mum HiTHERTO We havc confidercd the Motic^^o 
ihi ^■ck'! ^""^ 'Phafi' of Venui, as they have a Relation ^*Vie 
' the Sun and Earih : Let us next conlidcr tl«^^^^ 
Motions of Venm in the Heavens, as they are (y\^^^^-j^ 
Terved from the Earth, and the Way fhe takff^^^g 
in the Zojiack. For which Purpofe let ABC bw^^fj, 
the Orbit of Vctius, TGF the Orbit of the E^r/h^^^j 
the Circle LMO the Zod'^ck among the /*'e«=-^. 
Start: And, firft, fuppofe the Earth in T, and Vr-^ ^ 
WIS in A, neir her liiperior CmjunlHen with rht^^ 
i«»; it is evident, that a SpeSlator on the Earti^^^ 
will fee Vi^^us at A, as if fhc w^ire in the Poinc::^^ 
of the Zodiaci L : If the Earth had no Motion^ 
Plaie xm. while yeniir moves from A to B in its Orbit, ic 
fii- 7- would Teem to delciibe the Portion of the ZadiacJr 
L M : But in the mean time the Earth alio r 
and when Venat is in Ej the Earth is come to the 

L Point of its Orbit H; from whence ihc Speilator 
looking upon Venus at B, obferves her in the Za- 
diack at N; To chat (lie will feem to have run 
through the Space L M N in the Zodiatk : And 
Vejtai will appear to have gone more Eaftward 
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■n Die would have done, had the Earth flood Lcdhire 
ill without any Motion in its Orbit. But when XV. 
W comes to C, the Earth has moved on to G ; ^-"^v-^i^ 
'^Fe»us is feen in tbt; Line GO drawn from the^""« ^'• 
fi, which touches her Orbit; in which Po-"^' 
her apparent Motion in the Zodiack will be 
nearly equal to the apparent Motion of the 
From thence let Venus move on from C to A, 
l"Jd in that Time the Earth will have come from 
IP to K, and then Venus will be feen near her in- 
"fjor Conjunilian with the 5h«; in which PofitiotJ 
! will be obfervcd in the Zodiaci, as if flic were 
■P 1 But before ihe was feen at O ; and there- Venus R,. 
Je (he will here appear to have gone bacicwards'™' * 
nhc Zodiack thrqugh the Arch O P, or to have 
jved from the Eaji to the Wefi, contrary to the 
irr of the Signs. And becaufe in C flie was 
brved to go Eaflvjards as faft as the Sun does i 
in A me is feen to have a quick Motion 
Jcward : There muft be fome Place of her Or- 
|>etween C and A> where fiie appears to us 
Ibcr B) go forward nor backward, but to ftand Venus Sia- 
and continue in the fame Place of the Hea- """"'J'- 
: la which Cafe ilie is faid to be Statianary, 
i fland llill. 
,ET Venus now arrive at E, and the Earth at 
Toint of its Otbit F ; Venus will then be feen 
ihe Point of the Ecliptick Q_, and will ap- 
f to hive moved further backwards in the 
iptick, or towards tlK IVeJl, But when Venus 
jen firom the Earth in a Line which touches 
Orbit, fhe will then feem to have a progref- 
MoiioHj equal to the apparent Motion ot the 
from IVcJl to Enp .- And becaufe before, her 
larent Motion was backward, or from Eaft to 
jp, and now forward the contrary Way, from 
•fi to Eafi, there muft be fome Place between 
t rwo contrary Motions, where flie will neither 
tear to go backwards nor forward ; but for fome 
me to (&nd ftill, and keep the fame Pofuion in 
Heavens. While the Earth comes to D, and 
ut arrivcj at C, flie will appear in chat Time 



1 



BJI 



iro 



/iSTRONOMlCAL 




""Lecline fo have moved through the Arch Q_R of ihe 
XV dijck, Hid to hjvc a quicker Motion towards 
^Y^ E*/ Hence l^rntis, when (he is in her fuper 
ConjutiSion with the Su*, is always feen lo 
dirccHy accorJing to the Order of the SigiK 
t)Ut when f)ie i^j in her uifei ior ConjuittOoa, hm- 
between rhc F.anh and the Shit, then ft«e is ftoBI 
to h.ive a backward Motion, and to be carried 
agamit [he Order of the Sigm-, from £J^ K» 

IT. Whatever wc have detnonftrated coBcera- 
ing the Motions ot Venus, is iikewifc true, ffld 
wTti^fl/' -'^ ^^ underiVx)d of the Mo:ions of Mttcvj\ 
Vcnui'. but the CoKJitntJiiitu ot Merturj with the S»», n's 

Dire^ion', Siarions, and Reirogr^idaiionfj *•* 

^^^^^^ Duxe frequent than vn Krvv; ; for Mtr^urj cicoi- i 
^^^^Hp 'kiing fa^er, and in a leffer Orbit than I'^mkt, it^ 
^^^^|B*. fffiner overtake the Enrrb rhan fhe. Hence il ^ 
^^^IW mlain, chat the Motions of thefc two V'anett, fteA 
^F from the Ba,Tth, are very irreguljr and uneqU^' 

^V lince they are fometimes feen to have a Moti^'^ 

^K-- forward; fometimes ihey appear immoveable ^ 

■^ ftationary; after this they change their Cou*''5?_ 

■ and move birkwards; and after fuch a R^^^ 
H fion, they apiiin take up th^jir Stations, and Ic^'^ 
H ft>r fotne time the fame PUce in the Zadi^' 

■ Whereas aSpeiUtoT in the Svn will always obfc'"'^ 
H thefc Planets lo go forward with a Motion ^r 
H gulared after a certain Rate: For the appar^^ 
H Inetjuality of chefe Motions, feen from the E»t-^*^\ 
H is iuch as exadlly anfwers to a regular Moti" ^ 
H round the Sun. And therefore it is manifeft, tt^^. 
f the Sun, and not the Ejrth, is the Center of th*^* 

Planets Motion. ^ 

^_ , We fhewed before, thit the Orbit of the ^oT^^^ 
J„^was not a Circle, bur an Elhplei the r^tnc Thif^^ 
Vcnu9 El- is true of the Orbits of Venvs and Mercury, ai"*^^ 

■ /{fiu^l. of all tiic oiher P/»Jwf/, which are really Elliple*^ 
H and not Circles, that have one common Focus >' ^ 
H which the Sim refidas, about whi,>m the P^anfff-^^ 
^ft pcrfornf thck Circulations with Motions, v/hiC^"^^ 
^B 'though'eoE^eitedily equable, ye: ihey are all r^^^ 

■ guUtei^ 
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Kd by a certain] unchangeable and conllanc 
1^ which none of them tianiifrefsi for every 
pr moves in ihe Perimeter of hii own Ellipfe, 
HC the Line or Ray pafling from its Center to 
^Center of the Sun, docs always defcribe or 
B an Ellipiick Space or jlrea proponionai to 
Simcj or, which is the fame Thin^, in equd 
Ijit fwecpJ an equal ^rcd. Hence the Flatiett 
I move more Uowly in their Aphelia^ and 
per in their Feribulia : And ihefe jiphelia are" 
'fHka the Apegsan of the Moon., but tiiey ar« 
a at Reft without Motioii, or, if they have 
^ is fo How, that it is not eaiily perceived io 
rime of a Man's Age. And here it is to be 
l^ed, that of all the Planets, Mercury has the 
t: Excentrick Orbit ^ for therein the Exccntri- 
JS'to the mean Diftance as 2051 to 10000. 
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^$he Motions of the three fuper tor Pla- 
ICts, Mars, Jupiter and Saturn, and 
%e Appearances arifingfrom them, 

{ E have now dwelt long enough on Titfifi'p'ri, 
■ the Explications of the Motions ot"' ''""'•* 
I the two inferior Planett ; let us next j^ eljiiim 
\ contemplate the Superiors. Vc\tr A^na • 
I which Purpofelet ABCT be the ^'/^ /'*' 
\ Orbit of the Earth, and let Saturn- p"a,5 jjiv, 
Jupiter and Mart^ turn round the Fig, j. 
[fa diflerent Orbits at their proper Diihnces, 
perform their Circulations, each in its proper 
d ; and let P QV be a Portion of the Zodiact 
lijch ihcfe Planets are obferved to perform 
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LeSurc iheir Motions: F«r/?,[cis plain that all thefePi 
XVI. fcen from the Sun-, may be obfcrved either it -.- 
Wv^yxM^Jm with thcEdr/tf,or 'mOppofilion lo it. "Dm I 
Saturn may be in ^ , when the E^rth is in Mi t> I 
ibe Line which joins the Centers of the A'MtandS*- ] 
*«rw; in which Cafe the Earth and Sattm from 
the Sh» are fccn in ConjunSlion : But the Earth imy 
iikcwirc be in the fame Right Line produced the 
contrary Way, as in B, where from the Sm thefe 
two Fhnett wilt be leen inOppaftim to each other- 
But in this Situation, the Sua feen from the Etrlby 
wiil appear to be in Conjuuition with Satwrw. St- 
tejidly, Itisevident, ibat thefeP/d)M«, feen fromihe 
Earth, may have any Afpeft, or obtain any Pofi- 
cion in refpedt to thc5v»tand may have any deliied 
EJongation from him \ which cannot be in the in- 
ferior Planets, who arc always confined to die 1« 
Neighbourhood of the 5h». For from the E«"* I** 
T, there may be drawn a Line T P, which «il' ■_. 
cut all the Orbits of the fuperior P/anits, ^ Mn 
may make, with TS the Line which joins the S** « 
ina Earth, any Angle required, as STP. A^^ ^ 
therefore, when the Earth is in T, Satjirti may ^^ 
in F, whofe Elongation from the Sun will then *^\ 
theAngleSTF. Moreover, when the EariAatT^, 
any fuperior Planet are Teen from the Sun in Co f^^ t. 
jutiSrait tc^ethcr, that P/aset, obtcrvcd fi'om tl^^^ 
£flj'/j&, will appear ^ 0/i/wJJ((o» to the Surt^ and a g 
Inhabitant of our terraqueous Globe will fee th 
Sun and it, in oppofite Parts of the Heavens. ^^ 

Let now any fuperior Planet, as for E-tample""^' 
Saiurn, be feen from the Sun in Covju7iSio» witl<^ 
Jle T,ma i't\e Earth: After ConjanSion the Earth having ^^ 
Jj^j^ quicker angular Motion than Saturn, an Inhabi-^ 
ons, ■r-ftwUnc or Speiiator in the Sun will fee the Eart& 
OppprrciDnf, daily to recede more and more from Saturn. Antf 
w' Pld^'' ''^""'^ ^^ Earth, according to its mean Motion, 
docs every Day defcribe an Arch of the Eclipticfe 
of 59 Minutes S Second?, and Saturn moves only ' 
s Minutes in a Day, the Earth will appear from 
the San, CO recede every Day from Saturv the Space 

of I 
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I Arch of 57 Minutes 8 Seconds. If we fay Lefture 
i Ai 57 Miniices 8 Seconds is to 360 Degrees, XVI. 
I ai<Soo Minutes, fo is one Djy to a ftiurth 

fty; we fliall have the Number of Days in 
the Earib will be again obfcrved from the 
W) be in Conjuitiiwrt with Saturn, which 13 
Pays. But when the Earth and Saturn are 
ftom the Sun in CattjujtBion, the Smt and Sa- 
Irom the Earrh appear in Oppajithn. And 
fore the Time between two Oppofitions of the 
ind Safurn, immediaieiy following one ano- 
eomputed according to their middle Motions, 
8 Days, or i Year and 13 Days. And there 
t feme Time between two ConjunSions of Sa- 
snd die Sum feen from the Earthy or between 
*o fimilar Afpefts or Elongations from the i'vw. 
[flic Time between 'the Oppajitian and Conjunlii- 
IStitum wiih the S*n, is the half of this Time, 
j^Days. 

f the fame Method we flialJ find, that the 
e between two ConjunHiom or Oppofitions of 
tir and the Sun conlifts of 398 Days, or a 
I and 3^ Days. But J^ars, after inOppojlthny 
I nor again come inio the lame Situation, tilt 
■two Years and 50 Days. 

^EN the Planets are in Oppofuhn to the Sun, 
\ rife when the Sun fets, and fet when be- 

and then, after their Departure from the Of- 
W to the -Sun, they remain to the Eafliuard 
le Sun; and after Sun-fct they are to be feen 
e Evening, till they come in Cmjundnn with 

when they fet ana rife together. Afterwards^ 
ty recede (rom the Sun^ they become more 
trljf than he, and are then only to be feen in 
kJoming before thc^as is up; for in theEvcn- 
Chey fet before the Sun, till they at laft come 
t oppo&te to the 5(r», when again they rife at 
fct. 

(in the inferior Planet!, fo the fuperior haven* PUiui 
Aeir Orbits in the Plane of the Ecliptick j'/'^wVO^ 
be Planes of all their Orbits cut the Plane of^'/'l" 'T, 
Ecliptick in Lines which pals through i\ie'Eciif,'°a', 
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Leifture Sun, which are called, the Lines of the PldKO 
XV( Naiirf : And the Points where thelc Lines mete 
^y%l with the Ecliptick, are called the Nmiti. Ani 
therefore the fuperior Planets are never predli^ 
in the Ecliptick, but when they are in the NtJti: 
In all the other Poincs of their OrbiB they lie 
further or nearer to the Ecliptick, according t? 
their DiJtance from the Na^sj and their Diilaaoa 
arc greiteft, when tliey are at equal Dillancei froB 
both Hades-y which Points are called the 
where the grcatcft Heliocmtrick Latitudes, 
meafiire the Inclinations of the Orbits to ihc 
liptick, are as follow : Saturn's greateft t 
antrick Laricude is 2 Degrees 30 Minucei; f^ 
ttr's is I Degree 30 Minutes i and that of AUriii 
I Degree 52 Minutes. 
5l« Hdio- Having the Place of a Planet in its Oibili 
eentriik ajiJQx, which is the lame Thing, its Dillance ftom ^ 
Groc-^mncic fjoi^e, by the fame Method we find out its Bt^"^ 
"" '' ctntrick Latitude, as we did in the inferior Pi*' 
nrft Alerenry and Venus. But the Geecentrick L*-* 
tiiudes, or the Diftances of the Planets from ii*i 
Ecliptick, as rhey are feen from the Earth, dcpei*^_ 
much upon ihePoiition and Dillance of thciEi»t^^' 
For where the ticUocentrick Latitude continu^^ 
the fame, yet according to the various Pofidon^^ 
the Earth tnay have, the viitble Latitude of 8^ 
PUurt fecn from thence, will be various. For^ 
let T (f f be the Orbit of the Earth \ and the Or — ' 
P!«te XIV. hit of any fuperior Planet, as for Example, that — 
Fig. z. of Marsy luppofe to be S M, whofe Plane is in- j; 
clined to the Ecliptick, and cuts it in the Line of 
iioies n N. Let Mars be in ij , and the Earth in 
T, fo as Mars may be ob(erved in Oftftijltion to 
the Sum ; and from ^ let fall on the Plane of the 
Ecliptick the Perpend i^-ulat $ E; this Line will 
fiibtand the Angle which tnealiu^es the Geocentrick 
La'.irude. And therefore, when the Earth is in 
T, rhe vifible Latitude is tneafured by the Angle 
J T E. But if the Earth was in t, fo that Mart 
Was feen in CanjuiiMion wi:h the i"KB, its vifible 
Latitude will be the Atch which meaTures the 
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i gtEt wbidi is mocb ku ihao die Angle Ledim 
l£, and is ncarif Ie& n tbe ^oic Praponi' a XVI. 
e DiiUncc I ^ is Ic^ dm die DdSaaex r ^ s^v^ 
1 die EiTtb ^ m T> ifac GrMmfnci LatkuoC 
f b greater diaa ks Uetmtmrick ; bw irbea 
Em/, die H^ "ttitminck it pcvcT [hio (he Gcv- 
and iCconliiv fo the trinoiB PoficiocB 
(tnd ifae E^tb, his v^ble Ljdtude will 
igeabtej fo thuaUothet Thiogs ben^ a^ike, 
ibcude is greater, cbc ourer he coma to ihc 
^/Mofthcfm; and the leli, xibe appioacbcs 

tmSMm with the fiinc. 
r is alio evidcni, thjc none of ibe fuperior P^- 

f can be fcen from ibe E^rtir in ih^; Sa»\ Di:k, 

la the inferior JWiffBT/ and F-«w are; but yet ihcy 
may be all of diezn covered b>' the Snr- and lie b^ 
hind him, when bey come in Cn/ii*^i«i wiiii iuta, 
and are near their Nadet. 

Since the Faces of all the P/anets which «re J«(*er oJ 
turned towards the Smwj fliine only with a rt-^'"™*'^ 
f^ct^ed and borrowed Light j and becaufc tbe'^^^^^^ 
^arth, fcen from J*ptfr or Satarmy is always t*> f jct. 
b)e obiervcd near :hc Sm'i Bodyj the Facei cf 
tliefc Vlatuts which are turned towards the San*} 
toill alio be towards the Earth., whctice tbe tn- 
tnabiianis of our Globe do always behold ifaele P/«- 
'aeti Hiining in fuil Orbs or Circles. But Nats 
having an Orbit which lies very near the E*rrA, 
LIS Face, which is towards the Su-it will not always 
kie totally turned towardi the Earth , but when in Man •* hu 
lais C^iadraturei or when there is about a fourth %jrf'jnuT. 
i?an of the Eclipiick between the Sun and ^i^*^^^'\r 
fuppole the Earth in M or B, and Mars in N or j-jj. ,, 
R> then Ibme Part of the illiuninated Face will be 
tiuned from the E^irth j and therefore Mars will not 
^pear in a complete Circle, but will be fcen as 
dcficieni or gibbot'ej but when he cocncs to bt; in 
Conjuniiioa or Oppajitiort, he then re-iilume^ bis 
round Figure, bU illuminated Face king totally 
turned towards the Earth ; and panicui^ny, whcn> 
~ -pojitiott to tbe Suny be loolcs brig^teil ^nd 
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Lediitc For all the fuperior Plantts appear muc& 

XV[. when they arc in Of^fiion to [he S'h*, chao 

I^^V'^Jthey are in ConjunfUon, being tnuch tiearei' 

ft oppofiii- Ejr/A in the one Policion than in the othcp 

•" '^^'^inuch that the Difference of their Diftiii 

'tZhtu'p- 'h'^f'^ t*'* Polition?, is as great as the Diaini 

that Orb in which the Earth goes round the 

which Difference bears a confiderable Proji 

to the Diftance of Mars from the 5«», and 1 

than it does to the Diftances of the other pj 

and therefore will produce a great Difiirfl 

his apparent Magniiudc : For Mars is fivtf 

nearer to us when he is in Oppojition, tbarf 

he is in CoHJunilien with the Sun. And thd 

fmce the vifible Disk and LuRre of a pM 

creafts in a duplicate Porportion of chat W 

the Diftance is diminilhcd. Mart wilt ap^ 

times bi^er and brighter when he is in O/ji 

than when he is in CevjunilioH with the Suii 

Thi afft- Becai'sE Jupher is five times further ol 

tan Di^mc- Sum than the Earth is, the apparent Dianw 

s^n 6« '^^ *"" '^"' ^''^^ Jipittr will be five tini 

jHm Jiipiter than it is fecn frotn the Earth, and will be ■ 

**4 Sjiutn.ger than 6 Minutes, which ro us is 50 M 

And the Disk of the Sun will appear aj^ 

lels to the Inhabitants of Jupiter, than it 9 

us, who will likewife receive but the 25th J 

the Light and Heat from him that we enjoy. 

Saturn being ten times further from the JM 

we, the appircnt Diameter of the Sun fecnl 

him, will be no bigger than 3 Minutes, vA 

be but little more than twice the Diameter '4 

way, when (Tie approaches neareft to- the J9 

And therefore the Disk of the Sun, as it "i 

3*(ir Dt- appear to 2 Satumiaa Ajlronomer^ will be a- 

pmi/HiaidTcd times !efs than we fee it ; and ba 

ttmfartd Ljght and Heat are there diminilhcd in thi? 

«M( "^inb Proportion ; and therefore the wirmeft Rl 

vn 'mriiii in Saturn, even under his Equator] arc , 

jSwiifaSun. colder than our Frigid Zones. 
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tlie fuperior Planets obferved from the 5BW,Lefture 
sear to move regularly the fame Way, and XVI. 
:eeci in tlieir Orbits according to the l^mco^^if^ 
which is the equable Defcription or fweepttig'^" '^"•mi 
itick Area's rouncl rhe Sun; by which nieans^J^',^" 
gular MotioDS round the Sun wil! appear fome-/™* (*» 
lequal : For in their Aphelia, they procecdSun, au 
iwly ; in coming to their Perihelia-, they accele-?^ "P'~ 
ir Motions. But thefe PUnets^ obferved from Batfnm the 
'/4,have very differentAppearances,andirre- Earth (if/ 
ilotions in the Zodiack. Stjmetimcs they "■', °^/'™"' 
) move foiward j-rotn Wefi to Ea/?, accord-"^ ^ 

their real Motions ; then they by Degrees 

their Picej till at laft they lofe all their Mo- 
id feem to ftand ftill. After fomefmall Time 
: again fet a moving, but fcem to take a con- 
ourl'e ro what th^ had before ; and go back- 
direifHy in Oppohtion to their real arid true 
rs. And thus having for fome Way gone 
ird, or from Eafi to f*'?/?, they come again 

immoveable and ftationary. Thefe great 
;s of their Courfes and Motions are not real 
Planets, but are occafioned by the Mdtioa 
lition of the Earth, from whence the ji^to- 
ibferves thctn- 

PQ,0 be a Portion of the ZflrfWi,Plitc;XV. 
D the Orbit of the Earth, EMGHZ^'e-'- 
bit of a fuperior Planet : For Example, of 
;,. and fuppofe the Earth in A, and Saturn in 
Lwiiich Polition he will appear in the 2*- 
Kdic Point O. If Saturn remained there 
Rny Motion of his own, when the Earth 
ro Bj he would be feen in the Point of the 
t L, and would appear to have defcribed 
:h of the Zudiack O L, and to have moved 
!0g to the Order of the Signsj, from IVefi 
'. But becauil- in the mean time, while the 
is pafling from A to B, Saturn does likcwife 
in his own Orbit from E to M, where he is 
jConjuTiSlion with the Sun, he will appear 
i-defcribed the Arch of the Zodiack O Q^ 
f N which 

m - 



178 ASTRO NO MIC AL 

Lcfture which is greater than the Arch O L ^ whence 4c 
XVI fuperior PlanetSy when they are in ConjunBf^ 
v>^^^s^with the Sun^ appear to have a Motion fbnwrd 
Wbaitu much quicker than at other Times, and that fa 
Palmare ^ twofold Caufe j which is, becaufe they retllf 
dirtSand have a Motion forward from If^efi to Ba^y am 
Ivifi' likewife, becaufe the Earthy in the oppofite Part of 
the Heavens, \s carried the fame Way round the 
fame Center. And therefore thefc Flanetsy when 
they arc at their greateft Dillance from us, and in 
Conjun6iioH with the Sutty appear to have a quicJrcr 
Motion than ufual to the Eafly according to the 
Order of the Signs : In which Pofition a ^Ute^ 
is faid to be dircd, or to have a diredl Modbn. 
When the Earth comes to C, while Saturn de- 
fcribes the Arch M G, he will then be obferved 
in the Zodiack at R. But the Earth being ad- 
vanced to K, and Saturn to H, fo as theiinc 
KH joining the Earth and Saturuy continue fef 
fome time parallel to itfclf, or very nearly fi>* 
then our Apronomers will obferve Saturn all t^ 
while in the fame Point of the Zodiack at Pj aflo 
with the fame fixed Starsy he then appearing St^ 
tionary. But the Earth being come to D> ^ 
Saturn coming into Oppofition to the Sun in X) ^^ 
will appear in the Zodiack at V, and will fccm to 
have gone backwards throuj];h the Arch P V. Aw 
therefore the fuperior P/auetty when they arc iB 
Oppofition to the Suny are always retrograde, or 
appear to have a backward Motion from Eafi to 
IVe/fy which is contrary to the Order of the 
WbenSta- Signs. But when the Earth comes again to Af 
tionary. ^.M Saturn remaining near to Z, again that PlaiUt 
will feem there to occupy his Station, and to re- 
main without Motion. At laft, after the Earth has 
left that Situation, Saturn will appear to b^in again 
to move forward. 

What we have here fhewed concerning Saturn^ 
is likewife to be underftood of Jupiter and Mats^ 
who are likewife obferved to have all thefe Va- 
riations and Changes in their Motions, as fome- 

timei 
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J move quickly forwards, then to ftand ftill, Lefturc 
!r that to fell backward ; then again they XVI. 
! Stationary ; and in a fliort rime after the/ ..>'%'^ 
trard with a direft Motion. But the Re-'*''^" »'- 
5 or backward Motiuns of Saturn, zn'"^' ' 
requenc than thofe of Jupiter i becaufe the 
more frequendy overtakes Saturn whofe 
is flower than yupiter's, who is not a little 

in his Motion. And for the fame Rea- 
Mter's RegrefEons do ofterKr happen than 
f Man; becaufe Mars moving fafter, de- 
a greater Space in the Zodiaek ; (o that 
more Time necelTiry for him to come ia 
w to the S«U) than what yupiter needs for 
rporr 

AC be a Portion of the Earth's Orbit, ■"-•Paxi- 
ls touched by the right Line A N, in which l^fj^^ 
fuppofe the iijperior Pl^n/^ts in be feert from 
thtVTL. Mars in J, Jafiter V> irsASatuTu 
ind let K L M N be a Portion of ihc Zodiaek. 
le Place of Mars feen from the Sun is Kj 
is called his true or heliocentrick Place. 
A^ronanier on the 'Earth will obferve him 
'orat N, which is called his apparent or get- 
Fidee-y fo likewife Jupiter, feen from the 
jpears in Lj which is his true Place; butpbtexv. 
; Earth his apparent Place is N. After the^'E- »■ 
[anner the true Place of Saturn Teen from 

rtw Center of his Motion, is M ■■, but his 
the ZoiA'ari, that is vifible from the Earth, 
rhe Arches KN, LN, MN, the Diffl- 
ctwecn the true and apparent Places of the 
PlUHetSf are called the Parallaxes of the 
)rb in ihefe Planets. Through the San S 
D parallel to A N, and by rhe ^<)th of the 
EwW, the Angles AJS, AyS, A ^ S, 
rcfpeilively equal to rhs Angles K S O, 
nd MSO. But the Angle ANS is equal 
ingle N S O, whofe Meafure is the Arch 
'hi«i will therefore be the Meafure of the 
iNS, which is- the Angle under which the 
N 1 Semidiameter 
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Leflurc Scmidiameier A S ot the Earth's Orbit is G«n fi 
XVI- the ftarry Hcivcns. But this Setnidiaraetcr ie a., 
WV*^ thiM in refpedt of the great Diitance of the Heaven, 
or Scars; for from thence it would appear under do 
iciifiblc Angle, and loolc like a Point. And there- 
fore in [he Heavens the Angle NSOj or die Arch 
NO vaniiTieth, and the Points N and O coincide j 
and the Arches KO, LO, MO, are of the tame 
Bignels with the Arches KN, LN, and MN, 
which are therefore the Meafures of the Angles 
A <J S, A V S, A ft S. But thefe Angles are as the 
apparent Semidiimetcrs of the Orbit of the E^tb 
leen from the refpedlive Plane/ : And thcrefcre in 
each of the fnpenor Fbnets the Farallax of the ao- 
nual Orbit is equal lo the Angle under which tfw 
Semidiatneccr of the Earth's Orbit is feen from thst 
Flajtet ; and the nearer any of them is to the Earth 
or 5««, fo much ibe bi^er is that Angle. And 
therefore this Paralfax in Man is greater than in 
Jupiter i and again in Jupiter greater than it is in 
Saturn. Bu[ in [he jfjccii Stars there can be no Pa- 
rallax of the annual Orb obferved> ic beii^ fb very 
fmall. 
Tbi Rf"- It is alfo evident from hence, that the Re[ro- 
i^""°-{,f greflions of ^fars are greater thin thofc of Jupittr, 
«■ (iM^toii though they do not happen fo often; fo likewife 7''- 
Bf Jupiirr i piter has his Retrogrellions greater than thofe of Sa- 
and jnp- fum , and that upon a double Account : Firft, be- 
J^^ £'"'"' caufe Mars is nearer to i\\e Earth than Jupiter^ and 
tuin'j. JupiUr ncare[:^haD Saturn i and likewife becaufe 
they move fafter. 

Having the Parallax of the annual Orb in any 
planet, wc can from thence eafily find his Diftance 
from the Sun, in refpeft of the Earth's Diftance 
from him. For in Mars, becaufo the Angle A J S 
is givenj being meafured by rhcPaf^//** of the an- 
nual Orbj and the Angle J AS is found by Obfer- 
vation, being the vilible Elongation ot Mars from 
the Sim : If we make the Proportion, as the She of 
the annual Parallax is to ihe Sine of the Elongation, 
fo let S A the Diftaoce of the Earth from the Sun 
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. e to a Fourth, which will be J S, the Dillince of Lefturo 
iSars from the Sun. This annual Parallax, by which XVI. 
be Planets feem fomeiimes to move fafter, fome-^^v*^ 
nmes flower, in rhe Heavens, fometimes co go Ea/?- 
VaTd, and fometimes ff^efi-ward, produces in iheir 
Wotions an Inequality ; which, by At jipromrners^ 
% called iheir ficoKd or optical Inequality, to diftin- 
^ifli it from their firft Inequality, which the Plavett 
tally have, by which they move in their Orbits 
with Motions that are nor always the lame. In the 
Opfoftians or Conjur.limis of thcfe Flaweis with the 
5k», this fecond Inequality or Parallax vamflies ; 
and their Ceocentrkk Places and the Utlwcentrid 
coincide- or a Sfclfator in the Suti, and another io 
the Earth, would obferve the Tlanet in [he fame 
Point of the Heavens. 

1'he Angles A J S, A ¥ S, A ^ S, are nearly 
the greatcft Elongations of rhe Earth from the Sun^ 
if (he were obrerved from the refpeiSive Plaaets-, 
when the Line N J A touches the Earth's Orb in A., 
In Mart the Angle A ij S is about 4a Degrees ; and 
therefore the Earth, feen from Mars, never goes (b 
far from the Sun as we fee Venus docs. In jupiltr 
the greateft Elongation of the Earth from the Su« 
will be obfervcd to be but 1 1 Degrees, and there- 
fore is not fo much as hajf the Diftance we obferve 
Mercury to depart from the Sun. In Saturn, the 
An^c A Tj S, or the greateft Elongation of the Earth 
from the Svn that can be feen from that Planet^ is 
but 6 Degrees, and not much above a fourth Part 
of the greateft Elongation we obferve in Mercury. 
And fince Mercury is but fcldom feen by us, a Sighc 
of the Earth froro Saturn may be a rare and un- 
ufual Spc^aclc : Perhaps the Saturnian A^ronomers 
have not yet difcovered, that there is fuch a Body 
as our Earth in the Univerfe. 

Each of the two outmoft of the Planets have ^.ThrAmn- 
eood Company of Attendants: for Jupiter keeps no''"" " Sa- 
fewcr than four conftantly by him, and Saturn five'i^ '"^j^pj 
in his Retinue, which is a Sight no lefs wonderful saiutn. 
than delightful. Thefe SatelHts, like our Moan-, do 
N 3 always 
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Lcdurc always accompany their primaiy Planets in their Ctn 
XVI. cults round the Smtj and in the mean drac thar 

J^ryp^ perform their proper Circulaiions about cbeir Ed 
maries ; and iherclorc they will liavc the lame Ph^ 
and Figures that our Mean fhews ua : When th 
are in Oppofnion to the Shit, they appear to Sttu 
and Jupiter bright and full ; from thence recedii]| 
they altiime a gibbous Shape. When they come E 
8 Quadraniile Afpeft, they look like Half-Moon* 
before the ConjanilioH they ihcw ihcmfclves in homa 
Figures i and when they come to be joined in (I 
&me Line wiih the Sun, ihcy totally difappcar. __^ 

These SatelUts, fecn from the Earth-, chough tbo; 
go, at the furtheft, but a li'de Way from ilror Pn? 
maries, yet Tometimes they approach them ocire^ 
and fometimcs remove a little further from Ae^^ 

PlxeXV. Let ABT be the Orbit of the Earth, in theNtit 

^'S' 3. die of which the Sun rcfides. Let E F be a PortiQi| 
of the Orb of Jwf/feri in which let /((/(//fr be i| 
¥) who keeps in the Middle of the Orbits of h^; 
four Arcendints. TheTe Saiellits or Moons, wIk 
they defcribe the inferior Parts of their Orbits LM> 
fecn from the Earth or Sun, will appear to have | 
Motion fFefi-ward ; but while they are moviq| 
through the fuperior Portions G H K> we ob&n 
them to move Eaftviard, according to their in 
Motions. Now when their vifiWe Motion is £4 
■warii, ihey are twice hid from us j once in O 
hind the Body of Jupiter, that is, in the right 1 
which joins the Centers of the Earth and Jupiter 
and 3|ain they vanifh and become invi&ble, wtaq 
they fail into the Shadow of Jupiter, or are in t^ 
^hr Line which joins the Centers of the Sun ur 
Jupiter ; and then they fufFcr Eclipfes, which it t 
ways when they are at their Full, as feen from Jt 
piter : Thele EclipftS h.ippening in the fame Mai?- 
ner as they do to our Mean, by the Intcri>ol:ti< 
the Earth between the Sun and it. ^ 

When Jupiter is to the Ea^ of the Sus, io^ 
is feen in the Evening after Sun-fetting ; that i) 
whep the Earth is in Aj they are firll hid behioi 
Jupitety 
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fupiter, becaufc of their vifible Co?ijiiv£ii<m with Leftura 

^tpiitTi before [hey fall into his Shadow ; and [heir XVI. 

:oDd difappearing is in the Eclipfe, upon their 

itring the Shadow. Bur when Jupiter is more 

'efterly than the Sun, as he appears after Conjunc- 

when he is only fcen in tne Morning; that is, 

the Earth is about B, then they fall intojik- 

^er^s Shadow at V,and are eclipfed, before they are 

' behind his Body in P. But when thefe Moons 

: a retrograde i\lo:ion, that is, when they arc 

feen to go tVefiward, and dcfcribe the inferior Parts 

of their Orbits, then they only once dilappear in Qj 

when they cannot be diftinguiftied from the Body 

of Jupiter : But when the SatelUis, fcen from [he 

Sun, are in their inferior CenjuniHas with Jupiter, 

or as feen from Jupiter-, they are in ConjunHicn with 

the Stin, their Shadows will fall upon Jupiter, and 

fbme Part of the Disk of Jupiter will be in aa 

Edipfe, aiid a speiiator within the Shadow would 

obferve a total Ecliple of the Sew. We have already 

given the Diftanccs and Periods of all the Jovial 

and SatuTitiaa Moont, at the End of our third 

■i.c(fture. 

By the Motions and Eclipfes of thefe Moons, the 7i( p^raiiai 
Terallax of the annual Orb in Jupiter, and his Di- •/'*' •""""' 
ftance from the Suit, may be eafily known. F°'i%t'a^cf' 
let P OR be the Orbit of any S^te/Iit ; for Example ]^\taf/im 
the ouiermoft ; and fuppofe the Earth in the Point ri< S"". ^'- 
' ' Orbit A, the Time muft be obferved when",™'^'?.'^, 
^Ae^Satellit lies hid behind Jupiter's Body in O : " 

For which Purpofe the Moment of Time muft be 
carefully mark'd when he firft difappears, and then 
alfothe Moment he becomes again vifible; the mid- 
dle Moment between thefe two, is the Time when 
the Sate/lit is in O, or in the Line which pafles 
through the Centers of the Earth and Jupiter. After 
the fame Manner obferve when the Satellit is in the 
middle of an Eclipfe, or in the middle of Jupiter's 
Shadow, that is, when it is it».V ; by this means we 
. iliall have the Time it takes to defcribe the Arch O V. 
[ And becaufc his Motion abouc Jupiter is equable, 
N 4 and 
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Ledurc and his peritxlical Time known, we can from [fisw 
XVI. find out the Arch OV ; for this Planet revoW 
^/■yvy about j?»/i/M' in 402 Hours. Let us fuppoft 
Time hetjkes to move from O to V be iiHo 
fay, As +02 Hours arc to 12 Hours, (o are j6o 
grces (o a fourth Quantity, which will befoundro' 
10 Degrees ++ Minutes. And therefore the 
OV is 10 Degrees 44 Minutes. But rhis ArcKl 
O V is the Mealiire of the Angle O V V, or of 
the Angle which is equal to it A VSj and tht 
Arch which mcifurcs this Angle is the P^m//**,' 
of the annual Orti, which therefore is knowa Id 
the Triangle therefore A V S we have the Ar^ H ' 
V, and alio the Angle at A the Elongation ^J»- 
pter from the 5«», which may be had cither by » 
Calculation from Aftronomical Tables, or by 0I>- 
fervation. Belides, we have the Side AS, thcDi- 
ftancc of the Earth from the 5u», which we aflumc 
to confift of looooo Parts. Since therefore in iliif 
Triangle we have all the Angles and one Side, by 
Trigofiometry we (hall find the other Sides, atvl pf" 
ticdarly S V the Diftance of Jupiter from the S»j 
fo likewife we may find A V the Diftance of ^' 
piter from the Earth, which is always variable. W 
for the nice Determinations of thcfe DiftancOi k 
may be needful to have fcveral, and thofc verj*^ 
curate Obfcrvations, made by the Skilful, and u''" 
by the Help ol the bcrt Telcfcopes, 
Wliitt' By the Ecliplcs of Jupiter's Moons we are»U* 

Ligbi it to give a Solution of a Problem, which is tl* 
fi/^*/n- i"oft noble and curious in natural Philolbphyi 
jfiaii, or in whlch Cannot but raife out Wonder and Ainau^ 
Ttmf menti that is, Whether Light be ptopagarcd 10 Bt 
jn an Inftant j or if its Motion be rucccHiye, adi 
if it takes fomc Time to arrive from the Sii», O 
any diftanr Objcd, to us ? Now thele Eclipfes d 
ftiew us, that there is no inftanrancous Motion tl 
Light, thouglj it comes from the Heavens to 1 
with a prodigious quick Motion, and iQcredtU 
Celerity. 
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«^?'oR if ihc Motion of Light were in an In- Lcfture 
Wnt, when the EaTtb is at T, at his f^reatcll Di- XVI. 
Nnce from JnfHtr, an A(ir)>tiiimer here would *.^vnj 
^Jftrvc an Eclipfe of a Satellii at the fame Mo- 

lenc of Time he would do, were the Earth at X 'n^i• ^5*,. 
her neareft Diitance to Jupiter : For, accord- '^"■''^""^"^ 
g to this Hypethefiry Light is propagated in the J„I,„,y5^ 
ne Diilance through all Spaces indefinitelyi vihe-Edipfi, of 
er near, or never fo much remote. But if Light J"?''"'* 
kes up any Time for its Propagation thro' Space, ""'" 
will looner pafs through a (horrer Space than a 
rearer. And therefore an Obfervator at X, be- 
nearer to Jupiter than one at T, by the Di- 
ice (XT, which is almoft equal to the Diime- 
of the Earth's Orbit, will Iboner obferve the 
cliple of a SutMt, than a Speiiator can do at T. 
Jid therefore from the Difference of thofe Times, 
fbich is proportional to X T the Difference of 
Hflances, we can colled the Velocity of Light; 
nd (b this Matter is in Reality, tor whenever 
be E*r*jfc-is at its neareft Diftance from Jupitety 
\i& Eclipfcs are found to happen fooner tlian they 
D when they arc oblerved from T at a greater 
Mllance, where they fall out fenfibly later than 
ley ought to be, according to our Aftronomical 
Somputarions. Thefe quicker and flower Returns 
)j^ Eclipfes having been obfcrved for many Years 
JjBy Mr. Ramcr with much Care and Diligence, 
opon them he founded this Argument for demon- 
ftrating the fuccedive Propagation of Light; and 
by them be proved. That Light, like all other 
Bodies in Motion, had a determined Degree of 1 

Velocity, and took a determined Time to move .' 

through a given Space. To which Opinion the I 

looft Part of the A^ramnters and Philofipben do ' 

now give their Atlent. 

The Particles therefore of Light, though their 
Minutenefs be indefinite, and not eafily to be ima- 
gined, yet they have a progrcffive Rertilinear Mo- 
tion, and are not difflifed as by the Waves of any 
Medium or Fluid. Romer determines the Velocity 
of Light to be fuch, that it teaches us hete from the 
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LedtuTC Sun in the Space of 1 1 Minurcs : But that DifttH^ | 

XVI. does not fccm to be lefs than 50000000 MilWi 

^^^/•W which Space Light paHes thro' in fo fmall a Timfi I 

that (o prodigious a Velocity cannot eaTily be COV I 

ccivcd by us, which fu much exceeds the VdO' 

city of the fwifiert Bodies we know. For though 

the Earth has a very quick Motion round the 5m, 

yet tcs Velocity, compared with the Velocity «j 

Light, is no more than that of a Snail, in Conv- 

parifon of the Swif ncfs oi the Earth. 

giiZ-EJ- From the Eclipfes of yupittr's Maojti, we haM 

"^''y^,^ '' likewifc this Advantage, that when ihey are ob- 

•.J iy til ferved in ditferent Places of the Earth, the Loi>^ 

Cif"varii,Ki [udc of Places atc by fuch Obfcrvations detenni- 

'{Jt/' ^''ned. But that this Method of finding the Loi^itude 

may be tnore cafily undcrilood, we luuft finl l»y 

down fome few Principles. 

If through the Poles of the Earth and any V\tce, 
there be drawn a great Circle upon its Surftlce, 
this Circle, by the Rotation of the Earth, will be 
lamed rotind the Earth^s ^xit : And wh«i tbe 
Plane of this Circle produced pallbs thro' the Bo- 
dy of the Sirn, all the Inhabitants which live unkfi 
this Circle will then obferve the San to coi* 
into their Meridian, and they will have MiiJ«J 
from whence this Circle has the Name of a Mfr' 
lidian, fi-om the Latin Word Meridiet, which fi|* 
oifics Mid-day. Now if we imagine another Me* 
ridian placed more Wejlwardly, which, with f 
fermer, makes an Angle of 15 Degrees, the PI: 
of this Meridian will pals through the Sim t 
Hour later than the former did; and thercforij 
when the [nliabitants under this Meridian reckea 
Mid-day, the Inhabitants under the firft will r 
kon one Hour after Mid-day. if there be a M* 
ridian which makes an Angle of ^o Degrees widi 
the firft we mentioned; then, when they that liv* 
under this Meridian have Mid-day, thofe ihrf 
live under the 6rlt, will reckon two of the Qs^ 
after Mid-day; and lb for every 15 Degrees C 
the j^lquator which lies between the twfo Mtfi 
ridians, ib many Hours more do they lecko^ 
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:^0 live under the more Eafiern Meridian, than LeSura 
^'^ who live under the Wefiem. And after the XVI. 
'*tte Manner for every Degree of ihejEquaior bs- •V^l 
**ecn MeridianS) the Eafiern People are four Mi- 
filites fooner in their Reclconing than the Wefiern ; 
Land for every 15 Minutes of a Degree, they rec- 
■ ton one Minute in Time. As for Example, If 
^e Arch of the -Equator between the two Meridi- 
'fos confifts of 8y Degrees, dividing 85 by 15, the 
"Tuotieac 5^ fliews, that under the laorcEafierly 
leridian they reckon the fifth Hour and 40 Mi- 
nutes, when they ur;der the IVefierit Meridian have 
Mid-day ; and when the Eafiern People have Mid- 
day, ihofe to the iVefi will reckon their Time 10 
be the Gith Hour and 20 Minutes in the Morning ; 
and the Difference between the Hours which arc 
leckon'd under thefe two Meridians, will always 
be ^f , if the Arch of the Equator intercepted be- 
tween them be 85 Degrees. 

On the contrary, having the Difference of the 
Hours which are reckon'd under two differentMe- 
ridians for the lame Moment of Time, we fliall 
by this Difference find the Arch of the ^Equator 
intercepted between them; which Arch is called 
the Dtprenre of Longitude of the Places under 
ihofe Meridians, when the Longitudes are com- 
puted from one fixed and fettled Meridian, which 
is called the prft Meridian : And this Arch is 
found by multiplying the Difference of the Hours 
by 15, and the Prodmft ihews the Degrees. So 
Ukewife, if the Minutes of Time be multiplied 
by It, and the Produift, if it exceed 60, be di- 
vided by 60, the Quotient and Refidue will give 
tiie Degrees and Minutes that arc further to be 
added to the former, and which malte up the Dif- 
ference of Longitude of Places. For Example, 
Suppolb the Difference of the Hours to be 7 and 
32 minutes; 7 multiplied by 15 is loj, and 2.2. 
hy 15 is 550 Minutes; which divided by 6o,gives 
5 Degrees ^o Minutes: And therefore the whole 
Difference of Longitude is no Degrees 30 Mi- 
nutes. Thefc Tilings being noted, 

If 
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Lertiire If in rwo different Places the Bei^inntng of ^^ 
X\'I. Eciip/e of any of Jap'trr'i Mooni be obfcfveii, ir^^_ 
Oi''\'N^the Times marked when this BegJnnJne happenec^ ' 
according to ihc Times of ihc refpeaive Placc=^-i 
the Difference ot Hours, converted inw Degreer^ 
Bnd Minuses of the /Cuuatorj will (hew the Dir- — 
fcrcncc of Lont;iriitIe of ihofc Places. 

If we had EpkrmeriJet ot ihe Motions and Ef— 
iipfc of yupUfT's Maoniy accurately computed for 
aiiy Mrridian; inftejd of an Obfervatioo in ano- 
ther Piaccj wc might confuk the EphemerUfSy 
which tell when the tcfipfe is to be ohferved in 
That Place ; and we might take from them ife 
Hours and Minutes when the Eclipfe happens in 
tbit Place ; and this Time, compired with li»' 
Time ihc FxUpre is obferved in any other PlK*ii 
will give the DifTcrcncc of Times in thofe ttf* 
Places : And from thence we can lind out the D'l'" 
fcrence of their Longirudes, as before. The Lo"*' 
gitude of Places may likcwife be found byObfs*"^ 
ya:ions of F.clipfes of the Maorr, or the ^fflf^^ 
of t\itMoan to the fxfdStan, obferved from lev^*^ 
ral Places: But there are Appearances that aremor^T 
fcldom to be obfetvcd, than are the Eclipfes of th^ 
Satellitt of Jupiter. 
Vtea tavJ ■ UpoM Land and firm Ground the Eclipfes ar^^ 
ibt ^'/'//jiearity obferved; and if they could be as ealily ob-^ 
'^fJ^fdfa^d^"'vc^ at Sea, the Art of Navigation would Jw^ 
ttt Lf,li- brought altcofl to Perfeftion, and liible t " " 

''^" /'""•!• TOTS in CompuraTion ; but at Sea {'he Motion S 
Si'a'"" Toflings of the Ship render all ObfervatioM i 
fuch'^clipfcs impradicable. And (berefore, if u' 
could' find a Method lor determining tfce I 
tudc of a Ship at Sea at any Time, he would tH 
oblige tlic Seamen with a Difcoveryi by ftifi' 
more delired than ony thing cife in Nav^riot 
and which would be fo ulcfui lo the PublicI 
that the Parliament hath thought fit to allow i^, 
large Reward of 20000 Pounds 10 ihe Difcoverer^ 
Upon which many, tempred by fo great a Rc- 
v.'ard, have fpcnt much Labour and Thoughtj 
to make the Dilcovery, but to no Purpofc: For 
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Man has hitherto been able to lay hold on the Lefture 
_"wanl, though they have propofed many dif- XVII, 
XCDt Methods and Ways of aitainiiig it. Many i. 
ping much in love with their own Inuendons, 
lining that they had certainly found it, have 
mAea die Reward promifed to the Difcoverer j 
uc yet naoft of ihefe Men have been fo ignorant, 
'■ z they have fcarce known what it is to find the 



LECTURE XVII. 
Of COMETS. 



IssiDES the ordinary Thvets, which areCsjiud ft 
-J always in our Neighbourhood, and" ^"^ °/ 
B Kl within our View, there are another ^'"""• 
Sore of Vlanetiy which may be called 
Temparary; which are confpicuous only 
for a Seafon, after which chcy again withdraw, and 
are no lor^cr vifible. The ancient Philorophers al- 
lowed them a Place in the heavenly Regions, and 
ranked them in Stations far above the Moon. For "n^ Ptihf>- 
Ari^ock-, Seneta, Plutarch and others icftify, That?^'^' "f""- 
thc PphagoreatiSyZTiA the whole //j//an Sefl, main-""-' '' 
latned that a Comet was a Kind of Planet or 
•watering Star, which appeared again after a long 
Interval of Time. Ht/'pocratei Chiiit was of the 
fame Opinion, as Ari^otle informs us; The fame 
was the Opinion of Democritus, as we arc told by 
Seneca in his Nutural ^epions, Boot VII. Chap, -j. 
For, fays he, " Democritui, ihc molt curious and 
« fubtle of all the Ancients, fufpctSed, that there 
" were many more Stars which moved, under- 
^ landing by them the Comets; hut he neither 
"■ eftkblidicd their Number or their Names, the 
" Courfes 
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Ledure " Courfes of the five Vlanets not haying as yetl 
XVII. " difcovercd." Again, ^fwr^f affures us, That ^ 
lonius Myndius^ one of the moft skilful Philoib 
in the Search of Natural Caufes, did afleit, 
the Chaldeans reckon'd Comets among the 
nuandr'tng Stars^ and that they knew their CoutSm 
jipoUonitts himfelf maintained, That a Comet warl 
Star of its own Kind, as the Sun and Moon wn$ 
but that its Courfe was not yet known : That bf 
its Motions it mounts very high in the Heaveof) 
and only appears when it defcends into the lower 
Part of its Orb. And Seneca himfelf embraces 
this Opinion : " I cannot believe, fays he, that • 
*^ Comet is a Fire fuddenly kindled, but that it 
*^ ought to be ranked among the eternal Works d 
*^ Nature. A Comet has its proper Place, and iS 
** not eafily moved from thence jit goes its Courfe} 
*« and IS not extinguifhed, but runs off from us. 
*« But you will fay, if it were a vjandring StaVy it 
" would keep in the Zodiack: But who can fee 
** one Boundary to 2l\\ the Stars ? Who can re* 
** ftrain the Works of the Divinity to a liarroW 
*^ Compafs ? For each of thofe Bodies which j^oa 
" imagine to be the only that have Motioii, have 
** very different Circles ; why therefore may thcrtf 
" not be feme that have peculiar Ways of theif 
" own, wherein they recede far from the reft? 
i5- But that their Courfes may be known, it is ne* 
*^ ceflary to have a Colleftion of all the ancient 
" Obfervations about Comets j for their Appcar- 
" ances are fo rare, that their Orbits are not yet 
*^ determined ; nor can we as yet find if they have 
*' their Periods, and if they return again in a cer- 
" tain Order." At laft he thus prophefies : " The 
*^ Time will come wherein thefe Things, which 
^^ are now hid from us, will be difcovered ; which 
" Obfervation, and the Diligence of After- Ages 
" will find out y for it is not one Age that is luf- 
" ficient for fo great Matters. The Time will 
" be when Pofterity will wonder that we were 
^ ignorant of Things fo plain: One will arife 
<* who will demonftrate in what Regions of Space 

«« the 
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! Comets wander, why they rcceJe fo far Lefture 
rom the other Planeii^ how great, and what XVII. 
fort of Bodies they are." i-*^/^^ 

lUT for all this, the whole Seift of Vsrifale-'lhi Peripa- 
fearing that Generations and Corruptions '"^''='>?- 
d be introduced into the Heavens by placingJl,"^^^"^^ 
e Comets in them, thruil: all the Comets down^tn^-arrj ,■ 
I the fublunary Regions, and would maintain, '*'-^'' 
: they were nothing but a kind of Meteors, 
t ihe Fbiemviejia-, or the Manner ihefe Comets 
r in, will not fiiffer them to have a Place fo 
, and fo near to us. For it is clear that ihey 
it generated in our Atmofpbcrc, becaufethey 
8 certainly far higher than it reaches : For Co- 
"is are to be feen at the fame Time from diffe- 
it Parts of the Earth, which are at great Di- 
ances from one another ; which cannot happen to 
y Body that refides within our Atmorphere, which 
^ not exrended upwards above fifty Miles. 
: But that Comers are not only above the AvtiCimns an 
^t alTo beyond the Moouy is plain ; becaufe Co-^'s*"'*^ 
laeis, feen from different Places, are obferved to'^ """^ 
be at the fame Dillance from a fxed Siar which 
is near them. As for Example, the Cotnet which 
Tfcko Brake obferved at XJramburg, was likewife 
feen by Hagedm, at Prague in Bohemia^ at the fame 
Time, which two Places differ 6 Degrees in La- 
titude, and are nearly under the fame Meridian ; 
and both meafured the Diftance of this Comet 
from the Star we call the Vultur ; that is, how 
much it was below it towards the Horizon ; for 
both the Vttltur and it were in the fame Vertical 
Circle, and both Obfervators found their Diftance 
the fame, and cotifeijiiently they both viewed the 
Cotnet in the fame Point of the Heivens; which 
could not be, unlcfs it had been higher than the 

Let the Circle ABG reprefent the E^r/j&,Plite xvr. 
in which let UraaH/urg be in A, and Prague at^-'- 
B; Let D be the Place of the Comet: Let F C E^ra,;;^",^* , 
be the Firraiment of the fixetl Stars, in which letCmfi an 
ibc Star F be ihe FuItMTi the Place of the Comet ^M": '*"' 
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Lefturc feen from Uramhurg among the Stars is E) ml l^ • 
XV I r. its Diftance from the Vultur is the Arch FEj W 
but the Comet feen from Prague, appears in C; ^ * 
and its Diftance from the Vuitur is the Arch FCi p 
which is lefs than the Arch F E. But b7 Obfe* p 
vation it has J>ecn found, that this Comet, fi» P 
from both thcfe Places, feemed to be at the finx 
Diftance from the Tultur; and therefore the Archei 
F E and F C arc equal, or rather the fame. So 
great therefore is the Diftance of the Comet from 
the Earthy that the Arch CE vaniflicth, wai 
is altogether imperceptible : But the Moon feen 
from thefe two Places would appear to have dif- 
ferent Dillances from the Fulfur ; and fo therefbrc 
would a Comet, were it as near as ftie is : This 
Comet therefore was further diftant oflTthantbc 
Moo?;. 
The true and A Comct at D fccn from the Center of the tifA 
the apparent would appear in G ; but from the Surface of Ac 
cimet''^'' J5:-*r/;b at A it is obferved in E : The firft is catel 
*"' * the Comeths true Place, and {he fecond its ^' 
rent Place \ and the Diftance G E between the 
true and apparent Place, is called the ParalUx of 
the Comet : By it a Comet is always deprdW 
more towards the Horizon, than it is in its true 
Jrx Parallax. Place. Now the Para/lax of any Star is al^V 
equal to the Arch which meafures the Angle, dw^ 
the Earth^^ Scmidiameter, paffing through ^ 
Place of the Ol^fervator, is Icen under from ^j 
Comet; as we iliewcd before, when we treated ^ 
the Parr./Iax of the Moon. 

Now if there be no fenliWc Parallax, the A^^ 
gle under which the Scmidiameter of the -E^^^jf 
is fccn from the Comet, will not be fenfible; ^^^ 
therefore the Comets muft needs be at a vaft Vi^ 
ftance from us, fmce the Earth feen from thencf 
appears no bigger than a Point. 
A Way to T3y the Help only of a Thread, in a Matter of 
fndifaCo'fo great Nicety, we may find out if a Comet have 
T^^.^^^'p^'*^ any fenfible Ptfr^///7.v: : For a Comet, juft before it 
^ aSe/ ^^^'diiappears^ goes fo (lowly, that it fcarce feems to 
move j and it may be twice obfeived in this Man- 
ner : 
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k; Firft, when it is very high above the Horizon, 
pie any two Stars between which the Comet lies 
ttt right Line parallel to the Horizon-, which, by 
itending the Thread direiSly before the Starij 
%Cj be eafily tried ; afcerwarasj wheo the Comet 
taffoachcs near to the Horizon, by extending the 
fnread we muft again try, if it ftill keeps in a 
ight Line between the fame two fixed Stan. Now 
Idiere be any ferfible FaralUx which deprefles 
he Comet, it cannot be feea in the fame Right 
Uoe as before^ and therefore if it keeps the fame 
fefitioD as to thofc Stan, it is a convincing 
feument, that the Comet has no fenfibie Parallax, 
iS muft therefore be at a prodigious Diftance 
mta us. We need not here fear any Error arifing 
Mm Refra^ion, which always raifcs the Stars., and 
nccs them appear more elevated above the Hori- 
m than they are i for this Retradlion equally 
m&s both Comet and Stars ; and therefore 
jwill not change their Pofitions in refped of one 

La Oimet may likewife be obfervcd when it is near -^ 
K Eafiern Part of [he Horizon, and in a right Line-'? 
n two Stars that are both in the fame Circle i' 
nch is perpendicular to the Horizon : And afcer- 
Krds, when Che Stars rife higher, and are not in 
H&meverttcal Circle as before, if it appear Hill to 
^ in the fatne Line wirh them, it can have no fenli- 
WC Parallax ; and therefore its Courfe muft be very 
f^ in the Heavens. But if it Jhould be found more 
^fled than to appear in the right Line that joins 
t Stars, then the Comet muft needs have a Pa- 
"Ef3[. [f, while thefeOhfcrvations are making, the 
met fiiould have a proper Motion of its own, 
Tc muft be made an Allowance for that Motion, 
ording to the Time between the two Obfet- 



I the want of % diurnal Tarallax was anC"""'"™ 
igutiient tor placing Comets above the Moon, fo "f'^'^'^l'^ 
t being fubjefl: to the Parallax of the annual o/rij aruma/ 
*i a convincing Proof of their dcfcending Or*. 
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into the planetary Regions ; for Comets which li^JX 
a Modon lorward, according to the Order ot ^^ 
Signs, near tiie Time of their difappearing, are * 
of them either fiower xhtn ufual ; or even Ret'*'. 
p;r3de, if the Earth be between the Sun and ihel*' * 
or they are quicker than ordinary in their Motio***? 
when the San is between the Earth and them : at*" 
they appear in Conjunilioa with the Saw, as the Vt,^^- 
n-niti are obferved to do. On the conitary, thof* 
Comets which have their proper Motions Retr(^^~ 
■ grade, or contrary to the Order of the Signs, ir-^s 
quicker thin tifiial wlien they bcpin to withdra^^ 
tnerolelves, and difappear when the Earth is bawamjM j 
the Stm and them ; or ellc they flacken their Pice^ 
and fccm to move more flowly, when the Egrtb !« 
in the oppofite Pofition. Thefe Changes id (htir 
Motions arife from the Motion of the Earth, lod 
its various Pofition, as in the Phnett, who, accord- 
iog as the Motion of the Earth agrees with tboi*- 
or is contrary to it, fometimes appear to go "witb t 
retrc^rade Motion i fometimes they go ilowerg «* 
Tometimes with a quicker Motion. 

If the Earth move the fame Way as the Cot^ 
does, and hath an angular Motion round the ' _ 
quicker than it, lb that the right Lines which C*^' 
ftantly join the Earth and Comet, all converge 
Points beyond the Comet : This Comet feen fr"^!^ 
the Earth, upon the Account of his flower Mot* ^* 
will appear Reirograde i but if the Motion of ^ 
Earth be leis than that of the Comet, the Mot^'" . 
of the Earth takes off from the vilible MoEion, 
the Comet, and then the vifible Motion of the C^* 
met feems to be flnwer. Bur when the Earth aP" 
Comet have contrary Motions, the Comet's app^" 
rent Motion is thereby accelerated. 

We infer the fame Thing from the Curvature 
of a Comet's Way; for they generally f^-cm ro 
move in great Circles ahnoft as long as their Mo- 
tion is fwift. But at laft, when that Part of theit 
apparent Morion which arifes from the Faralltat 
of the annual Orb, bears a greater Pioporcio'i to 
ibeit 
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whole apparent Motion, then ihey ufe to devi- Lefture 
om moving in a great Circle ; and when the XVII. 
fr moves one Way, chey go the contrary : This ^V%| ■ 
i&ion or Deviation arifes chiefly from the Pa- 
t of the annual Orb, and exatSly anfwers to 
fciantity of the Earth's Motion. And by Ob- 
SoD) it has been found in forae Comets (^o great, 
Bciendy to prove that they have defceoded far 
r Jupter : And in their Perigeant and Perihe- 

when [bey are neireft to us, they ofien come 
n the Orbit of JMum, and even the Orbits of 
tferiOT Planeti. 

HEN the Comets recede from the Earthy and 
«ch the Sun, their Luftre and Light is in- 
id, although their apparent Diameters be 
itOied upon Account of their further Dillance 

us. 

m Figures of Comets are obferved to be very 7Sr Figu. 
entj for fome of them throw tbrth Beams like^^™' " 
every way round them, and thefe are called 
I Comets. Others again have a long Beard, or 
r a fiery Tail, oppofite to the Region in which 
n is uen ; and they are called Bearded., or 
n imth Tails. Their Magnimde has alfo been 
(■cd to be very different ; many of them, with- 
beir Hair, appear no bigger than Stars of the 
lAai^itude. But fome Authors have given us 
pcount of others which were much greater ; 
'was that which appeared in the Time of the 
6ror Nero, which, as Seneca relates, was not 
6r ID Magnitude to the Sun iifelf. So the Co- 
y^ich in the Year 1652, Hevflius obferved, 
ot feem to be !efs than the Moon, though i: 
lot fo bright a Splendor ; for it had a pale and 
Light, and appeared with a difmal Afpefl:. 
IO)met3 have a denfe and dark Atmofpherc 

£ding their Bodies, which weakens and blunts 
's Rays that fall upon iti but within it ap- 
ihe Kernel or iblid Body of the Comet, which, 
I the Qouds are difperfed, gives a fplendid and 
Light. 
, O 3 Comets, 
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Comets, tince chey are at fuch a Diftance from 
the Earth, like all other S/ar/, muft have the appa- 
rent Motion round the Earth from Eajt to IVe^, 
bavt which arifes onlj" from the Rotation of the Earth 
""' /W- round its Axh. But befides this they have a real 
'iXxi^fi^ and proper Morion of their own, by which they 
EiflrsWcft. are coniinually fliifting their Piace in the Heavens, 
and have ihcir proper Courfcs in the Ccleftial Re- 
gion?. The Aniiencs were not ignorant of fuch a 
Nlotion i for they never had reckoned them among 
[he wandring Stariy unlefs they had known that, 
like the PUnets, they had their pecuhar Courfes : 
Seneca acknowledged and obferved that they had 
fuch a Motion, and faid, that their Way was in K 
Right Line; or as the AfiroiKmers ufe to fay, in a 
great Circle. For in the feventh Book of his oatti- 
Tinriatw tal Queftions, Chap. 8. he fays, " That the Courfe 
liteaifi a " of a Comet is eafy and quiet, that it takes a de- 
fpt'Mi- « tertnined Way : That Comets do not proceed ia 
'^°f' '" " a confufed and tumultuous Manner, as ibmc bc- 
" lieve, nor are they driven by turbulent and un- 
" certain Caufes." In his sijth Chap, he meotiotu 
two Comets, one of which, in the Sp>ace of fia 
Months, pa/Ted thro' one half of the Heavens. Ano- 
ther, in the Time of the Emperor Claudhit, was 
firft obferved towards the North, which by Degrees 
arofe direftly higher and higher, till it qui:e duap- 
peared. 
n« Mubai By the means of a Celeftial Globe, in whole Sur- 
tff'iing face the Stars are rightly placed and painted, by a 
'^aC^t ^whanical Method, theWay of a (imet may be 
eafily traced in the Heavens. Let there be every 
Day obferved four Stars which are round the Comet, 
andlet them be fuch as the Comet may be in the right 
Lines which joins the two oppofite Stgri ; which 
may eafily be found out by the means of a Thread 
placed beforetheEye, and extended over-againft the 
Pbtc XVI. Stars and Comet : For Example, let the Comet's 
Fifi. :. Place be A, between the four Stars B, C, D, E, " 
that the Line joining the Stars B ai>d D, may p 
thro' the Body of the Comet i and lb iikewife tl 
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Line pading thro' the Stars C and E. And there- Ledture 

pfore upon 3 Globe, in which are marked thefe four XVII. 

'stars in cheir proper Places, extend one Thread w^V"s^ 
thro' the Stars B and Dj and another thro' the Stars 
C5 E; and the Incerfeftion of the Threads will give 
you the Place of the Comet. If this be daily done, 
and the Place of the Comet be every Day taken, 
by this means we fliiil raanifcrtiy find out the 
Courie a Comet takes in the Heavens, which will 
be found ro be a great Circle ; for all the Points 
thus mark'd will be found to fall on the Periphery 
of a great Circle: And having any two Points of 
this Circle, we ftiall find its Inclination to the Eclip- 
tick, and the Places of tht Nodes : for it is only ob- 
ferving where a Thread ftretched through the two 
Points cuts the Ecliptick. 

There is another Way of finding out the proper -*""*"■ 
Courfe of a Comet, by obferving every Day its Di- '^''^,^-^f°' 
ftance from vxo fixed Stars, whofe Longitudes and "^ '^'""' 
I^atitudes are known ; from which Diftinccs we can 
compute the Places of the Comet ^ and thefe Places 
being marked on the Surface of a Cdeftial Globe, ''^'C^'"-/' 
will manifeftly ihew that the Courfe of a Comec is in ^if™" 
a Portion of a great Circle, excepting that the Mo- ma'iy'xo u 
tion of the Earth will make it appear to deviate a '" "v-'ac 
little from it. ^"'''• 

Hence it is manifeft, that the Motion of a Comet Tb: M^im 
is id a Plane, which pafles through the Eye of the/^™'"' 
Spedator, or, more exaiftly, which paflech thro' thc^i„^y. 
Sun; for all vilible Motion chat is made in fuch athnagtibt 
Plane, however it be inclined to the Ecliptick, will-^J'""''*' 

" always appear to be in the Petiphery of a great Cir- ^"''' 
cle. Moreover, the Motion of a Comec is regular 
and orderly : and tho' it is unequal, yet there is a cer- 
tain eifaft Order obferved in the very Inequality of 
Motion. The proper Motion of Comets is not the T^'VCrar/d 
fcme in all ; but each has irs peculiar Courfe. Some *"'■'"'"■ 
go from the Wp/? to the Eafi, others frotn Eafi to 
Wefij contrary to the Order of the Signs, and their 

"^iredion is contrary to' the Way the Planets take, 

'^ 3 all more from ifefi to Bafi : All of chem that 

O 3 are 
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I.cifiure are esadly obferved, turn Southwards or Nmb- 
XVII. warjj, wi'h ditftrent Inclinations lo the Ecliprickj 
>fV^ aort they are nor like ihe Plantis to be compre- 
hended within the ZoJiaci, but they quickly depan 
out »if ic, and with various Motion pafs through all 
the Regions of the Heavens, fome with a quicitcr, 
fame a flower Morion The grcacctt Velocity chat 
any we have yet fecn has had, was that which was 
obferved by Rfiiomontanut i which Comet moved 
in one Dav full forty Degrees- Some arc fwifccft in 
the Beginning of their Appearance, and flacken tbdr 
Pace as they btgin to vanifli. Others again in the 
B^imiing and End of their Appi..T-ance haveaflow 
Motion ; but in the middle rime they are carried 
with a greater Velocity. 
Csmrti inl- It has been obferved, that fome Comets for a 
ere from a f^v/ Days before they di&ppeared, did not keep 
vt*ictdt ^'^"'' Coutfe exaftly in a great Circle, but did 
■ ibmewhat deviate from it i fo that the Angle of 
the Comet's Orbit and the Ecliptick, was found co 
be different at laft from what it was at firft: 
But this Deflection was only apparent, and did 
not arife from the real Motion of the Comet, but 
from that ai the Earth-, as we ftiewed in ^ in- 
ferior and fuperior Planrts ; whofe Diftance tod 
Inclination to the Eciipdck is various, iccx>rdiiK 
to the difFcrenr Pofition of the Earthy whcrw^tf 
they were obferved from the Su», any one of them 
would always appear to move in the fame gresl 
Circle. 
•Tif irut Although the Motion of a Comet appears to 
imr ih^ a be in a ^reat Circle, yet its true Way may be 
Jcriiti. ' qiitc different from a Circle, and may be in very 
various and different Lines, as euhcr a Right Lincj 
an Elliptick, Parabolick, or Hypcrbolick Curve; 
or it may be any other Curve defcribcd in the 
fame Plane : For all Motions in whatever Line dis 
moving Body takes, when it lies in a Plane paf- 
fing through the Eye, will always be obferved to 
be performed in a great Circle. Many FbilajhpbetSj 
and not a few AfTommers^ have mainEaiqed ihae 
tbe 
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e Comets Morions are reftilinear i but that which I.eiilure 
^nCwers belt to their Appearance, is a Motion in a XVII. 
arabolick or elliptical Orbit. And if their Orbits ta/"^»J 
c ellipcicalj they are extremely excencrick ; fo thai 
Blbeir greater Axis bears a very conliderable Pro- 
F|»rtion to their Idler ,■ upon which Account they 
di^r very much from the FlaKcis, which, though 
tbey move in cUipiical Orbits ; yet they are (6 little 
jEXcentrick, that rhey differ but a fmall Matter from 
Circles. Now the Sun refides in the common Focus 
of the Orbits of both Comets and Flanets. And 
Ae Comets obferve the fame Law in their Circula- 
tions round the Sun as the Flanets do ,■ that is, they 
move at fach a Rate in their Orbits, that the Line 
vrtiich joins the Sun and ihera, does always del'cribe 
Areas or Spaces proportional to the Times ; and 
therefore upon the Came Account as the Planets, 
Ihcy likewife muft have a G raviiy or Propcnfion to- 
wards the Suv. 

When the Comets come to ihe inferior Parts of ■ra* Comtti 
their Orbits, and defcend towards ihz Sun, or arc r**"'**^^ 
juft attending from him, then only they becomei/"™ 
yitiblei afterwards departing from the S'kk, and w^^ f'wi- 
alccnding higher in their Orbits, they run out intoJ^*''- 
fir diftant Regions, and withdraw rhemfelves from 
our Sight i for upon the Account of their going 
fiirther off the Sutt, the Light they receive from him 
is thereby much weakned j and bccaufe likewife of 
their greater Diftance from us, their apparent Dia- 
meters become conftantly left, till at laft they vanifli 
into a Point, and becomi- invifible- In their Aphe- 
Sent, whither they run OLit into far diftant Regions, 
becauTe of the great Eccentricity of their Orbits, 
rhey have a very iiow Morion ; but in their Ferihe- 
Beniy where they come near the Sun, they move with 
a quick Pace. 

Let S be the 5k», A P D G the clliptick Orbit ■+- 

of a Comet; TCE the Orbit of the Earth. If 

we fliould fuppofe the Semi-Axii of the Comet's 

LtWrit to be loo times greater than the Seml-^xis 

i the Earth's Orbit, or, wliiCh is the fame, ihaa 
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mean Diltance from the Suv-, that Comet woiid ^ 
t complete its Revolution in lefs than looo Yean> I 
for the .Squares of the pcriodic.il Times of the EafA 
and Coiret muli be as the Cubes of their mean 
Diftances from 'he Sun ■, and the Comet becotnes 
vifible only for that Part of its Period, wherein it 
dcfc^nds 'owurds the Sutt, and approaches near the 
Etirrh^ as in F; and iherii after it hath piflerf its Pt- 
rihelion, conftantly rifmg higher from the Sun about 
G, it will begin to vanifh, and will not be vifible 
without ? Telefcope. If the Aphelion Diftance be 
to the Peribelmi^ as lOoo is to one, the Velocity 
of a Comei in the Perihelion wiji bear the fame Pro- 
portion to thf Velocity at the jipbtlioti. For the 
Area A SB mult be but equal to the Area PSD, 
if the Arches A B atid P D be defcribed by the Co- 
met in equal Times ; and then the Arch P D muft 
be greater than AB, in the fame Proportion as AS 
is greater than PS. This is the Proportion of [heir 
ablolute Velocities- But their angular Velocities 
about ihe Sun are in a duplicate Proportion of thefe 
Diftances, or as roooooo to i ^ fo that while the 
Comet in its PeribeliM defcribes one D^ee with 
its angular Motion, when it afcends to its aphelion, 
it wilt defctibe in an equal Time but the vjglt rg of 
a De^ee ; fo that there it may have fo flow a Mo- 
tion, that it will require fevcral Years before it can 
complete aDegree of angular Motion. 

Since ths elliptick Orbits of Comets «re aHj 
of them very Eitcentrick, thofe Portions of thoqH 
_ whereiu they become vilible to us, may pais ftiJ 
(Parabola's. For if one of the Focus's of an EUipATI 
recede infinitely from the o-.iier, this Ellipfe will 
thereby be changed into a Parabola ; as when the 
two Foci come together and coincide, the Eilipfis 
is changed into a Circle. Now by confidering 
that Portion of a Comet's Orbit which is near 
the FeriheiiOTi, as a Piece of a Parabola- near its 
Fertfx, the Calculation of their Motions becomes 
much cafier; and upon that Hj'pothejis our moll 
skilful jSfironomiT and Geometer Dr. Halle/, has 
conftruflcd 
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conftruifled and calculated a Table, by which the Lefture 
Motions of all Comets are ealily computed, and XVII. 
dje Calculations founded upon this Hypothefis do ^V"^ 
■exaflly agree with the Obfervations made on them. 
Dr. Hal/ey himfelf, having computed thtf Motions 
of fcvcral Comets, and compared chem with Obfer- 
vations made by oihers, has found there was (o 
nice a Correfpondence between them, that the 
Calculation fcarce ever differed from the Obferva- 

I'tion above three Minutes. By which Examples it 
is abundandy manifeft, that this Theory &tisnes all 
the Appearances and Motions of Comers, with no 
Ids Exadtnefs than the Motions of the Planett are 
■iccounted for and foretold from the Theories we 
have of them, whofe computed Places do fometiiDes 
differ from Oblervations as much asin Comets. And 
altho' the Motions of Comets are much more un- 
equal than thofe of the Planets, yet this Theory 
does wonderfully anfwcr all their Appearances: 
And therefore iince it is built upon the fame Laws 
■s the Theory of the Planets, and the Motions of 
one governea by the fame PhyQcal Caufes as they 
of tM other are ; and fmce it accurately anfwers aU 
Obfervations of Afirotumen, it cannot but be the 
true Theory. 

Altho' aU the Planets have their proper Mo-jMmjCa- 
tions from H^efi to Eafi, yet many Comets have ""' "•^ 
been obferved to hold on in a contrary Courfe,-^^^*^ " 
and have been feen to go from Eafi to IPeJl, with 
a very great Degree of Velocity. Such was the 
Courle of the Comet which Rfgiomontaniis obfer- 
ved in the Year 1472, that defcribed 40 Degrees 
of a great Circle in one Day. Hence we can 
poficively conclude, that there are no Vortices, or Tbrnjirt 
Whirlpools of fluid Matter in the Heavens,'^'"™ *» 
which, according to the Opinion of fomc Philoja-'" ""■"•• 
fhers^ carry the Planets round the Sun : For if there 
were any fuch Whirl-pools, when the Comets 
come down and enter within the Region of the 
P/anett, they muft be necenirily driven out of 
their Courfe by the rapid Motion of the Solar 
Vortex, as by a niighty Torrent, which near the 
Earth 
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Leflure Earlh U of fuch Force, that it carries it abow 

XVn. aoooo Miles in an Hour : And who can think, thtt 

\/'>^*»ml fo rapid aStream would not affeift the Come>s,aiid 

when they have a Motion concrarj; to its Motioi^ 

ibon deftroy ii ? For what can rdift To violent t 

Torrent of fluid Matter ? Now many Cornea 

have been oblervcd to take a Courfc <Jirc^ 

contrary to this Stream, and which perform their 

Motions with the greaccft Freedom and without 

the leall Reliftance, juft after the fame Manner aj 

they would do in a void Space, where there a' 

nothing to withftand them. But this is pUinljr 

repugnant to the Nature of a P^ortex j for that Mf- 

dhim which can put the FUnets in Motion, would 

without all Queliion, let all othet Bodies which 

fwim in it a going the fame Way. But iince thero 

■ is nothing like this obferved in Comets, we touit 

^^ . acknowledge that in the Heavens there is no Re- 

Fhii ."/it '"''^'i"*^^' ^"^ therefore no Medium or Fluid, which 

Hiavr"' compared with our Air hath any fcnlible Denfity; 

tohicb i-Jiopor our Air gives a very conliderable Refiftance 

Let not therefore the Cartefians and I/fi^sft 
ti»ns talk to us any more about their Vortices i for 
the Appearances of ibe Celeliial Bodies are fuch ti 
that we can by no means admit of them ; (b that 
tfaey who labour to explain the Motions of the Hea- 
vens ^ them, do oaVj amufe us with TriBes and 
Impoilibilities j and it is to no purpofe to troubla 
ourfelves any longer with their Fancies, Cncc there 
is Demonilration againft them. 

Since the Refiftance of a finid Medium ariioi 
chiefly from its Denfity, it from thence neceflarSf 
follows, that where there is no fenfible Rdiftancc 
of the Medium, there the Medium muft have n* 
fenfible Denfity ; and therefore fince, in the Hea* 
yens the Comets fuffer no fenfible Refiftance, buSi 
exert their Motions with the greateft Freedom. 
if they were in a perfeft Void or TafwuM, thera. 
likewife die Denlityof the Medium muft be the leaft 
that can be, or next to Nothing. And who knowi 
but the Mediutn in the Heavetis may be fo rar« 
and 
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id tine, ihac if you except the TlanetSy and iheir Loftura 
lojfbtres, the Macter which is diftUled thro' all XVII. 
reft of the Planetaty Region, or our fblar ^y^ 
'JSyftcm, may not be fo much as tbat which is con- 
tained in an Inch of our common Air. For this 
*c have demonllrated to be poffible in our Phyfi- 
cal Lei&ures. 

The Fhihfophers af:er this need trouble us bo A Vacunm 
longer with their Metaphylical Qyirks againft ^"^'^f'* 
Yacuitm:, for they feemcobevery like the Qyibbles''' 
of the antient Sd^'^'^i againft ihe PoHibiliiy of Mo- 
tkm; And as Diagenet confuted xVioCq Sopbifii by 
rifing and walking, fo we may anlwer the Carte- 
fioHt by bidding them look up into the Heavens ; 
and there, noiwiihftanding their nice and fubde 
Arguinents> they will find, from the Appearances 
and Motions there obferved, a manifeft Demonftra- 
^n for the NecetTity of a F'acaum. 

Few Comers have been oblerved before their ?^ '''""/' »/ 
Defcent to the 5a«, and their Return from their "' 
Teribelion. For before they have been confidera- 
Hy heated in the Neighbourhood of the Sun, they 
fcarcely project a Tail to make them remarkable : 
Bur after they have been well heated in their Feri- 
btlioa, then they generally (end forth a targe flii- 
ning and fiery Tail, which fccms to confill of a 
very fine, rare and luminous Matter, which is at- 
tenuated by the great Heat of the Suu, and pro- 
jefled with an immenfe Force from chc Body of 
the Comet. The Caufe of this ProjetSion perhaps 
may be very like chat whereby a great Quantity 
of fine lucid Vapour was, lately thrown out from 
the Earth, to an immenfe Height above the Air, fo 
that ir was vifible through the greateft Pan of £«- 
rope ; and in Figure and Luftrc looked very like 
the Tails of Comets, but the Matter being Ipenr, 
it loon van i filed 

It is very remarkable, that all Comets have their Tii rail, ,f 
Tails in Oppofition lo the 5»m ; that is, if the Sun ^'""" «'■ 
be in the Wf^, the Tail is projefted Eafiiuariii ot%''/',f%' 
if the Suit be in the Eajl^ the Tail looks ftyi-Son. ' 
Viard-^ at Midnight the Dirci^ion of the Tail is to 
the 
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Lcflure the North. Thefe Tails grow bi^er as chey de- 

XVli. fcend 10 the Sua, and at the Ferihelhnt they are 

bi^efti and as they go further off from the 5«^ 

and cool by Degrees, che Tail Icflens, rill ac kit ic 

is contraftcd within the Comet's Atmofphcre. 

Comets which have fliorc Tails, do not throw 
forth the Matter of them with a very quick Mo- 
tion, in a continual Stream from their Bodies; 
for then th^ would foon be dillipated and vanifli : 
but thefe Tails feetn to be rather permanent and 
fixed Columns of Vapour and Exhalations, which 
being propagated from the Body with a flow Mo- 

rtion upwards, and retaining ft ill the Motion 
which they had impreffcd in them to go along with 
the Comet, they ftiil continue to move on with 
the Body through the Celeflial Regions. From 
hence we may Iikcwife conclude, that in the Hea- 
vens there is no Rcfiftance; for in them not 
only the foiid Bodies of Planets move, but alio 
the thin and fine Vapours which arife from Co- 
mets feel no Refiftance ; but move with the great- 
eft Freedom) and for a long time preferve their 
Motions. 
The great Comet which appeared in the Year 
l(S8o, after its I>eparture from the PeribfUm, 
projeiSed fuch a Tail as extended itfeU more' 
than forty Degrees in the Heavens; nor can thil 
be a Wonder, for it was fo near the 5»», that 
its Diftance from bis Surfece at the Feribelim 
was bur a fixth Part of the Diameter of the Suift 
Body i and therefore the Sun feen from the Bcxly 
of the Comet, would appear to fill the greateft Part" 
of the Heaven, and its apparent Diameter would^ 
not be lefc than 120 Degrees ^ and therefore the' 
Heat it received from thence muft be prodigioufly 
intenfe beyond Imagination ; for it exceeded above 
3000 times the Hear of red hot Iron. Anq 
therefore we muft allow, that the Bodies of Co«^ 
mets, which can bear fo great a Heat, muft be \e.Tf 
den(e, hard and durable Bodies : For if they were 
nothing but Vapours and Exhalations raifed from 
the Earth and Planets^ as Tome have dreamt, this 
Comc^\ 
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Comet, ai fo near an Approach co the Sun, muft Ledlure 
hive been quite deftroy'ti and diffipaced. XVIII. 

LECTURE XVm. 

The Spherical T^oBrine, or. Of the Cir- 
cles of the Sphere. 

hiMce every Speftator, in whatever TEe Ejw i^ 
j Place of the vaft Expanlion of the U- ". ^f'^'"', 
I niverfe he refides, is alw^ays in ^^ ibt cjSenf 
I Center of his own View, when he ioob k,, ««,. 
up at the Heavens, he will Tee it as a *'""■ 
Concave Spherical Surface, whofe Center is theEye, 
which Surface is every way befpangled with an in- 
numerable Multitude of fliining Stars : And the 
Spefiator will likewife obferve, that all the Hea- 
venly Bodies perform their Motions, whether realftimoiMjf- 
or apparent, in this Surface. Now (ince the Dt- '"■ ^'"•b" 
fluiceof the Earth from the Sun is but aPoinc, asJi^^™^y 
it were, in Cotnparifon of the immenfe Diftaoce ode cis/idirt4 
Ac Wtfi-r/ Firmament, in whatever Point of its'* *""'** 
Orbit the Earth is placed, there will be the faine£°j|jj^ 
ProFpeit of the Heavens, the fame Pofition and 
Mag^mde of the Stars and Figures of the Coo- 
ftellations, as aSpcdtator would obferve, did he re- 
fide in the 5»» ; and therefore it is the fame Thing 
as to thefe Appearances, whether the Center of the 
Univerfe or Heavens, be placed in the Suit or 
Earth : And if we imagine feveral Circles to pals 
thro' the Earth, and to have its Center for theirs, 
and others parallel to them to pafs thro' the Sunt 
thefe Circles in the Heavens will feem to coincide, 
becaiife their Diftance will vanidi in refpea of the 
immenfe Diftance of ihe fixeii Stars j and chofeCir- 
dcs wbich are drawn thro' the Sun and Earth on 
parallel 
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Lcfture parallel Planes, will appear to pifs thro' ihe faOB 
XVIII. Start in (he Heavens. 

V^V^^ For the bercer determining the Places of alt 
A gnat fort of Stars, and obferving of their Motions, it is 
Circk. requiiitc to imagine federal Circles defctibed in 
the Heavens, fonie of which are great Circles, 
others of a lefsSiz*. A great Circle is thegrcarelt 
that can be defcribed on the Surface of the .S[Aere, 
and divides it into two equil Portions, and has 
likewife the lame Center that the Sphere has; atid 
therefore all great Circles, having the fame Center, 
muft cue each other into equal Portions or Semi- 
circles. 
Tfc hffir The lefTer Circles divide the Sphere into un* 
Cinlti. equal Portions, and have not the fame Cenur 
that the Sphere has ,■ and they take their Dc 
nominarion from fome great Circle to whoa 
they arc parallel, as the j^quator, HorizoDj 
Eclipcick. 
TfcPoin Every Circle of ibe Sphere hath two Pt 
t/Circiit. which are Points on the Surface of the S^aei _ 
which are at equal DiiVanccf: from all the Poinn 
of the Circle; and they are placed in the Sur^e 
where a Line from the Center perpendicular tO 
the Plane of the Circle meets with the Sur&ce, 
of the Sphere, when the Line is produced 
ways. 
drtia Some Circles of the Sphere depend only u[ 

jKncaUt the Place of the Spedator, and have a Re^rd 
^^j """"*" his Polirionj othtTs again are produced by 7' 
tion : The firfl are called moveable Circlesi 
caufej as the Place of the SpeiSator is changedj _ 
are they, and move along with him. The ieraod 
are called immovalile, and are fuppofed co be fixed 
to the fame Poinrs of the Heavens. 

The Circles which owe their Origin to Motion 
are chiefly the Ecliptick and jEquinoitial, and their 
Parallels. For hccaufe the Earth is carried round 
the Sun in a Year, a Spectator in the Sum will fee 
the Earth defcribe a great Circle in the Heavens 
or Starry Firmament, which we call the Ecliptick; 
and it is the very fame Circle which we in the 
Earth 
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^Marth obrerve the Sun to move in by an apparent Leflnre 
JMocion, likewife in the Space of a i ear, as we XVIII. 
fhewed before. The Eclipcick is divided into \^\/^j 
twelve equil Parts, which are called the twelve^ ffr'*- 
Jloufes or Signs, and they have their Names fronip* ■™ •" 
rhe neighbouring Conftellations : They bt^in at the 
Vernal Interfeiftion of the jEquator and Ecliptick, 
and are reckoned from the JVeJi Eaft-wariiiy as the 
fmt feems to move. The ftrft three Signs are 'V 
a Hy which arife from the ^quinodlial, and af- 
cend Northwards to the Point of the Summer Sol- 
ace. The next three are £ SI HC) which begin 
from Cancer., and defcend again towards the ^qui- 
IKX^ial, till they come to the Autumnal Interfeiftion. 
The third Ternary of Signs confiils of ft IR *, 
which begin at Lihra, and departing from the 
^quinoflial Southward, reach the Winter Solitice. 
W S J£ make [he fourih, which begin at Capicom^ 
and end in the Vernal jEquinox. Each Sign is divided 
into 50 Degrees, and confequenrly the whole Eclip- 
tick into 3S0. The5B« is always obferved in this 
Circle, and never deviates in the leaft from ic, as 
the^Pianets do, which go ibmetimes on one Side of 
k, fometimes on the other, thro' a Space of ftbout 
^^i Degrees ; and therefore, if we imagine a broad 
C^cle or Zone of about fixteen Degrees in Breadth, 
which the Ecliprick cuts in the Middle, this will 
be the Space wherein the Flaeets perform all their 
Motions, and by the Greeks it is called the Zodiack, 
by the Latines Sigmfcr, or the Sign-bearer, becaufe ^^^ 
of the Signs placed within ir. 

If we imagine an indefinite Number of g^^i seand^riii 
Cirdesto be drawn thro* the Poles of the Eclipcick, o/fie Ee- 
and inierfefling of it, thefe Circles are called Se-^'f"^*- 
condaries of the Ecliptick; for by them every Star 
■od Point of the tieavens are reduced to the Eclip- 
lick, and have their Places in regard to it decer- 
miacd in the Heavens. For the Place of any Star 
leduced to the EclipEick, is that Point where the 
Secondary pafling thro' the Star interfefts the Eclip- 
ddc, The Arch between this Point and the Begin- 
ning of y, or the Vernal Incerfcdion, and counted 
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Lefture Eajl-w^irJ is called the Longitude of that 5/^, is 
XVIIf. the Arch of the Secondary between the 5/jr and 
(.<>\^^j the Ecliptick is called the Latitude of that Star, 
■ atid is either North or South ; for the Ecliptick di- 
, vides the Starry Firmament into two Hemifphentt 
NsTlb inii SoMib. 

Since the Earth turns round its own Axit, from 
dience it comes that the Inhabitants thereof fee 
the Heavens and all the Stars revolve round the 
Earth in the Space of twenty-four Hours from 
Eap to W^y^i which apparent Motion is called 
the diurnal, or daily Revolution of the Heaveiu, 
and was conceived to be by the Farce of a moving 
•Tht pri- Sphere called the Primum M-ibik, or Firft Mover, 
mum Mo- which Carried the whole Heavens round with it 
•^ about an Axis, which coincides with the Axis of the 

Earth produced, as if the Earth itfelf bad noM(>- 
lion, but the Heavens were volvible. The gretl 
Circle which is e>;aftly between the two Feut of 
the Earth, or at equal Diftance from txrth, is called 
the Earth's ^Equator ^ and if we imagine the Plane 
of this Circle extended or produced to the Hea- 
vens, it will there make the Celeftial jEquinofiJsl 
Grcle, or the jEquator in the Heavens ; and all 
the Stars, and evety Point of the Heavens, except 
Til Mjai' the two Poles, will feem to defcribc by their ap- 
maui. parent Revolution either this Circle, or a IcIIer mt- 
allel CO it; which Circles are either bigger or le&r* 
according as the Stars which lecm to defcribe thetn^ 
are more removed or nearer to the Poles. 

The j^quinoi5tial and Ecliprick being bodki 
great Circles, will cut each other into Semi-circle^' 
and their common Interfeiilion will always keep 
parallel to itfelf, and will conllantly be diredea 
to the fame Point of the Heavens i for we here 
abftraift and confidcr as nothing that very rtnalt. 
Motion, whereby the Axis of the Earth Ms ' ' 
ward, and this Interleifiion equally with it. 
therefore, whenever the Sun is ohferved in 
Point of the Ecliptick, where this (nterfeftion ES| 
that is, when the Earth is really in the oppofite, tbc 
Sun then by this apparent diurnal Motion will de- 
fcribe 
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fcribe the Equinodtia! Circle in the Heavens; and Lciflure 
ttiere being two Points of Interfcftion, the Sua will XVIIL 
be oblerved to revolve in [he Eqmnoill'ial twice ^^^<t. 
tvcry Year; chat is, when he is in the two Interlec- 
tions, Vema! and Autumnal, at Which Times al! the 
Inhabitants of the Earth will havt iheir Days and 
Nights equal i upon which Account this Citclc has 
*ot the Name at the jEquinodial. The'Angle 
%>hich the EcHptick and the vEqmtnr make at the 
Points of Intevieftion, is about 25^ Degrees. The 
Sun leaving thefi; Inte^ feflioils by an apparent Mo- 
tioti, declines every Day from the Equinoctial Cir- 
cle more and more towards the NoTih or Sduih, till ' 
he comes to the ninetieth Degiee from the Irlterfec- 
tions, where he appears to be 2;^ Degrees dillant 
from the Equinodtiat, which is his grea.eft Declina- 
tion: For from ihence he begins to return again 
towards the Kquinoi2ial i and therefore the two ietler 
Grcles, which the 5«« at his greateft Dechnation 
fceiiis by his diurnal Motion to defcribe, are called 
the Trspich, from a Greek Word which iignifies to 75, /ta> 
return : This, upon the N^rch Side of t5e Equi- Tropieki. 
tiodtial] is called the Tropick of Camer j the 
other, on the South Side, the Tropick of Capricortt. 
How this apparent Motion of the Jbk, and conftint 
Change ofhis Declination, arife from the real Motion 
6f the Earth, the Sbn himfelf being all the while ac 
Reft, wehave already explained in our feventhLefl»trf, 

There are two remarkable lelTer Circles of the 'p'^'P'' 
Sphere, which are parallel to the Equinodtia); and ""^ 
mefc are defcribed by the apparent diurnal Motions 
of the two Poks of die Eciiptick round the Po/w of 
the Equinoiflial, from which they are diiiam 2}i 
Degrees. They are called the two polar Circles; 
this in the Northern Sphere is nameJ the ArUick 
Circle, from the two Bears which lie near it j the 
*ther Circle on the South is called the AjitarSickf 
^)r Circle oppofite to the ArHkk. 

If thro' the Po!es of the World, or of the Equi-^ 
aioaial, there be conceived innumerable great"' , 

lircles to be drawnj they ate called Secondaries of .rXsJri- 
P the„Vf,w. " 
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Ledture the Equinoctial, by the Help of which the PoCtiod 
XVIII. of every Point of the Heavens, in regard to the 
V^Y^ EquinoiSial, is determined, as before they were de- 
lermined by the Secondaries of theEcliptick, in re- 
Hard to the Eclipticli : And the right Afcenfion of i 
Tbirifbi Star, or Point in the Heavens, is an Arth of ilie 
"^nTnuii- Equinoftial, between the Beginning of ^r/w and - 
jifl'i'o. 0/ the Point where the Secondary, paflang thro' thi 
■ Shi. Stir, cuts the Equinodial. The Declination of ^ 
Si«T or Point is me Arch of the Secondary im 
ceptcd between iheS/ar and the Equinoftial, whi^ 
is likewife as the Latitude either North or SawC 
as the Sfjr declines towards the North t 
i»h: From hence thefe Secondaries are called C. 
cles of Declination. And the two chief of them a: 
7Sf «es the two Colures, one of which, paiJing through t)M 
CiUra, two Equinoilial Inter fctSt ions, is called the Equinco 
tialColurc; and the other, which cuts theformeril 
light Angles, and pafles thro' the Poles of the Eel" 
tjcic, is called the Solllitid Colure, becaufe it ii 
fefls the Ecliptick in the Points which are s 
greareft Diftance from the jEquator •■, to which whe 
the 5tt« comes, he docs not fenfibly for fome Dai 
change his Declination, but feems to ftand withot 
approaching to, or receding from the £quiao<^i4jB 
ami therefore thefe Points ate called Solftices. 

That Circle which is on the Surface of tt 
Earth, exaflly in the Middle between the two ^^^vl 
is the Earth's Equator; and by the Prod uiSion ot.I 
it we niewed, that the Celeftial Equinoflial wa. f 
formed. And as the Places of all the Start in thQ j 
Heavens are determined by their Longitude and, 
Latitude, in regard to the Ecliptick and iu Seco[>t 1 
daries ; Co by the terreftrial j£quator and its Se^ 
condaries, drawn thro' the Polts of the Earth, the; "1 
Portions of Cities and Places upon the Surface of 
the Earth arc determined according to I.ongiruder 
lU Lo>.gi- ani Latitude. A Secondary of the ^Equator, pafiing 
ndei ai3 thro' any Place on the Earth's Surface, is called the 
^j^^^"'/ Meridian of that Place j becaufe that when, by 
the Rotation of the Earth round its Axis^ the 
Plane 
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ttane of tbat Meridian comes to pafs thro' the Sun, Lefture 
then the Inhabitants under this Meridian have Mid- XVUf. 
day. The Lnngicudc of any City or Place is an 
Arch of the vEquaror intercepted between acerraia 
Point where fotne fised Meridian palles, which is 
Called the firft Meridian, and the MeriiJian of the 
Place. The ancient Geographer! made the firft Me- 
ridian pals through fome knowm Place, which was as 
far Wi^-asard as they knew, and from thence they 
reckoDcd the Longitude of all Places conftantly 
Eafl-ward: But fince by Navigation it has been A\t- 
covered, that there is no Place in the Earth that 
Can t e efteemcd the moll Wtflerly, fo that there is 
not another more Wf^ward beyond it, this way of 
computing the Longitude from a firft Meridian hath 
been generally laid afide ; and now each Geographer 
detertnines the Longitudes of Places in regard to the 
Longitude of the chief City of the Coiinin- where 
he dwells. The Latitude of a Place is an Arch of 
the Meridian of that Place intercepted between the 
Place and the jEquator, and is either tJorth or 
Soutbi as the Place lies on the North or SoKth Side 
of the .(Equator. 

Of the Inhabitants of the Earth compared with 
6ne anothet, in regard to their Meridians and Paral- 
lels, fome are called Periled, that live under the fame li, paiat 
Paralielj but in the oppofite Semicircles of the fame 
Meridian 3 both of them have the Seafons of the 
Year the fame, the Sua by its annual apparent Mo- 
tion coming to or receding from the Vertex of both 
Places at the fame Time of the Year ; but they 
Change their Turns of Night and Day, fo that when 
i[ is Mid-day to the one, it is Mid-night to the other. 
Others again are called Antatt, whofc Habitations jj, ^(^^ 
lie in the fame Semicircle of the Meridian, bur in 
oppolite Parallels, and both of them have Mid-day 
and Mid-night at the fame Inftant of Time; but the 
Seafom of the Year arc different, it being Summer to 
one, when it is Winter to the other. Laftly, there 
are the Antipodes., whofe Habitations being fituated^jAnrf- 
io both oppolite Parallels and oppofite Meridians, i'oAs. 
P 2 have 
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Le^iire have their Feet direflly oppolite to one another in 
XVni. Line palling throiiah the Center of the Earth ; 
sy^T^^ they have not only chdr Days and N^hts direill', 
contriry, but alio the Seafons of thi; Year : When it 
is Summer in the one, it is Winter in the other Place; 
and wlicn Mid-day in the firft, the fecond reckons 
Mid- night. 
Tbtfive The l^our ieCTer Circles in the Surface of tha 
Ztnti, Earth's Globe, wliich lie diredly under the Circks 
of the lame Name in the Heiveni, vi^. the two 
TrapUki and Polari, divide tlie Earth into five Por- 
tions, which are c Jled Zones ; of which the Torrid 
is ttiat which is bounded on each Side by a Trtpick, 
and WIS believed by the Ancients to be not habits- 
blcj by realign of the violent Heats ; But our modem 
Travellers and Voyagers have difcover'd this Traft 
of [he Earih\ Surface to be tlie moft fruitful and ' 
delightful of all, abounding not only with the TTiings 
that are neceffary, but fuch likewire as conduce to 
the Satisfaaion and Plcifurc of Life ; upon which 
Account it is very well ftoted with Inhabitants. 
There are 'two cola Zones which the polar Circle) 
cotnprehcnd ; in the Middle of the one lies the j4f*- 
tiei Poky of the other the Aniar^ick, and in them 
the Cold is fo excefllve, that they are fcarcely ha- 
bitable. Befides thefe, between the Frigid and the 
Torrid ZoTie, on each Hand lie the two temperate 
ones; that on the tiorth ispofTdred by us, the other 
our AKtipades keep, i'irgit elegantly describes tbefc 
five Zones. 

^inque tsnent Cmlum Zon®, quarum una corufia 
Semper Sole Tulens, ^ torritiafempeT ah igMf^ 
^am cirtum extrem,s dextra l^vai}i trahunmri 
Carulca glacte (OncreU, atq; imhriius airis. 
tins inter mediam^., dum mortalibm agris 
Muntn coiiceJf£ Divurn. 

'Tti Am- The Inhabitants of the torrid Zom are called ^m- 

pliifcii. phifiii, having their Meridian Shadows at differens 

Times of itS Year projeited towards botli P«/« j 

but 
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,_»ut when tbeyjw comes ro beVcrticalcotliem, then LeiStiire 
l-^hey have no Shadow, and are ^/f/( or Shadowiels, XVIII, 
laioching that ftands perpendicularly upwards having —^~^/~^ 
"i» Shadow at Noon. We who live in the tcmpera:e'^' A*™' 
Zonts may be natned HeteTofcii, iiaving our Meri- 
dian Shadow projeifVed only towards one Pule through- 
out the whole Year. But the iniferahle People of the 
two Frigid Zones are called Ferifcir, becaufe the Sun 71" PaikiL 
not fetting upon them, their Shadow turns quite 
Ibund in the .Space of twenty-four Hours. 
■ The two Circles which we conceive to be im- 
moveable, and determined by their rcfped to the 
Speftator, are the Horizari and Meridian. The Ho- 
fitjiit is thai great Circle which any one, when he is 
placed in a large extended Plane, or in the open Sea 
darcrves, terminating or bounding his Sight every 
.where round him, by which the vidble Heaven is 
diftinguillied and feparated from the invihble. This 
Horizvn, being difcovered by our Senfes, is called the 
'^fible Horizon, from which the rational Horjzoti ^Himion 
■ parallel to it, is diftant by the Semidiameter of ibi:^JSi. 
y^MTtb, through whofe Center it pafTes : For the 
^firontmeri reduce the Appearances of the Heavens 
^toaJAcrical Surface, which is not concentrical to 
de Eye, but to the Earth. 

ITra true, thefe two Horizovf, produced to the 
IJtxed Start, will'appear to coincide into one, finee 
the Earth, compared to the Sphere in which ihefxed 
Start appear, is but a Point ; and thcrefote the two 
Circiesj which are but a Point diftant from each 
other, may be well confidcred as coinciding into 
one. There are two Poles of the Harmony the one 
is the Point of the Heavens which is direilly over 
Ac Head of the Speilator, and is called the ZcwVA ; '^''^f' "^ 
die other direftly oppofite, under his Feet, is named p^'Jl'J'ti 
^.iitc NatUr ; ana innumerable Circles, drawn thro' HoiiiDn. 
^6«CePolfs to the Horizen, are flyled Vertical Circlet 
■or jlscmuthi. Among them there are two partieti- 
■fatiy remarkable, one of which is the Meridian, and 
the O her is the Prime Verlicah, the fir(f pafles ihro' 
ibe Viks of the Equator and the Zanitk, and cuts 
P 3 ihc 
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Leflurc the Hnnz. n m rhe Points of J^orth and South , , 
XVIir other pilling ihto' che ZfJth cues the former at 
v^"V"^ riehr Anglts, and marks upon the Hcri^on the Pointi 
TJf Verticil of Eaft and (*>/? Thcfe Circles divide rhe Hariztt, 
"' Aiimutb a[ [heir Inn-rfcftions wirh it, in^of ur Quarters, each 
'""■ of which is again fubdiviHcd into eight Parts; and 
confequemly ihe whole Hori-nn is divided into thirt/- 
rwo Parts, v-hich are called \\\cRhumhs or Points of 
the CoiDpiiT. 
•ThrAhi'^ii, The Alritiide or Depreflion of any Star is an Atch 
w Difrijfim of [he Vertical iniercepted between the Horizwi add 
"/- SU'- che Star. 

Again, the Az.muth of a Star is an Arch of 
the Horiznii, intercepted between the Points cA 
North or Sourij and the Point where the VertiC'^ 
palling through the Star cuts the Horix-on, and ^ 
. tithcr EafierJy or Wefttrlj. The rifing or fettir'^^. 
Amplitude of a Star is an Arch of the Horix,ojr i*^Ja 
lerccpted between the Points where the Star rifeti^^^^i 
or ierteth, and the Points of Eajf nr tVeft :^ an ^^o 
lltAmpli- this Amplitude is ei'her Nurrft or Ja^M, accordm^^^j 
as che Star, at riling or fctcing, is to the North oi- ^^ 
South of chofc Points. ^j 

As in the Horiz.on all the Stars firft appear anc:^ ^o 
difappear, fo in the Meridian Circle they all arifetci^^^g 
their greateft Height or Altitude, where they ar^^L^{^ 
ni- fitd lo Culminate ; fo likewife they are at their greaiefl^^ "„ 
DcprciTion below the Horix.on, when they arrive sf _^i« 
the fame Meridian Now iince the Meridian malte^g'^^ 
Right Angles both with the ^Equator, and Horizon, ^^T^\ 
it will divide the Segments of the Equator and allX ■*" 
its Parallels, as well thofe that lie above the Horia^oM^^ , . 
as rhofe which are below it, into equal Portions ;^ '* 
and iberefoie the Time between the riiing of a Star,.^ j! 
and its Culmination or Arrival at che Meridian) will *J\_„ 
be equal to the Time between this Culmination.*^"*^ 
and iis Settings and bccaufs the Suv every Day de- """^ 
fcribes fome Parallel by its apparent diurnal Motion, ^==^ 
when the Sun comes to the Meridian at any Time, -^ 
!C will be then Mid-dav ; and Mid -night, when he 
arrives at the fime Meridian below che Horir,on; M 

and M 
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km thence this Circle has its Name. The Lefture 
pkfib or NotM^rJima! De^ref is that Point of the XVUF. 
Hck which is 90 Degrees diitant from ihc In- '.•v's^ 
flions of ihc Harizon and Eciiptick, and the 
ude of this Poinr i.s the Mcafure of the Angte 
le Horizon ind Eciiptick. The Mtdium Cali or 
■Heaven, is that Point of the Eciiptick Which 
linatcs, or is in the Meridian, In the afcending 
i from W ro a, ihe Nofiagrjimal Degree is TO 
'Lafl of ihe Meridian, but tn the defcending Signs 
I S to \r> theNo»tfg?/ma/liesM-5'/iu«rrfof theri,H-.tiioii 
idlan. "■:■! Mm. 

LTHo' we have here confidered the Horiz.on and ''''"' "''"^ 
idian is immoveable Circlei, caking theapparent cZ/"i,' 
fon of the Heavens as re.il j yec if we fpeak 
irdli^ to Truth, and the Nature of Things, the 
ijMi* and Meridian are the only moveable Circles, 
tbe Sun or a Star tifes not when it afcends, but 
t- the Plane of the Horizon defcends below it, 
m the Star or Smrt becomes vihble. So llkewifc 
BAr; fet not by their own Motion, or going 
ft under the Horix/m, but by the HoriKotis 
nding and getting above them ; which Motion 
le HariTjon arifeih from the Rotarion of the Earth. 
ilfo the Sun or Stars arrive at the Meridian, when 
Plane of tbe Meridian of any Place, having an 
iilar Motion round the J^xh of the Earih, comes Tbi ni'mr- 
lafs through the Bodies of ihe Sun or Stan. ^l' ^'' 

liNCE every Meridian finifhes its Circulation 
nd the y^Kis^ or 560 Decrees in twcn:v-four 
ursj it mufl each Hour have an anguUr Motion 
15 Degrees, which is the twenty-fourth Part of 
A' and therefore, if we conceive a Circle pafling 
Htbe FoleSy which makes an An^lc of 15 De- 
ftvlth the univerfal Meridian paifmg thro' the 
■sPhen by the Earth's Rotation the Planeof the 
ffiian of any Place comes 10 the Plane of this 
pt after it has paffed the univerfal Meridian 5 
pkbe Inhabitants in that Meridian will reckon one 
IW after Mid-day, and therefore that Circle is 
Iftd the Circle of the firft Hour. In like Manner, 
another Circle be conceived cutting the Equi- 
P 4 noctial 
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Dodial in ihc ihirticth Degree from the univerfi 

Meridian, this will be the Circle of the fecoiK 
tlouri and when ihc Plane of the Meridian of th 
Place comes to coincide wiih it, it wilt be ia eh i 
Place two of the Clock in the Af-ernoon, Aftfl 
the fame Minner, if ihrotigh the Po/w, and every S& 
Icen Degrees of the j^quator, we conceive Circlfl 
to psfs, they are called Uorarj Circles ^ and ibej 
will divide the ^quinoftiil inm twenty-four equfl 
part ) and each of them in its Order will decermiw 
[he Hour that is to !« reckoned in a Place, wbe 
the Plane of the Meridian of that Place cotces tq 
coincide with ihat Circle. So, for Example, whea 
Ihe Meridian of the Place comes to the Circle 
which ipakes feventy-five Degrees with the univep^ 
fal Meridian, the Hour then counted in that Plaof 
>vill be rhe fifth from Noon. But when the Mer^. 
dian of the Place makes an Angle of ninery Degreef 
with the Meridian padlng through the Suh, then il" 
Will be the (icth Hour. But on the other Hand, if 
we fhould imagine the Meridian of the Place to b*; 
immoveable, and thai a Circle pading through the 
Tolfs and the Sun (hould together with the Su» mw 
round the Axis, as it appears to do ; when t' " 
Plane of this Circle, in which the Sun refidcsj coi 
cides with a Circle that makes an Angle of fifteen. 
D^rees with the Meridian <if the Place ffffi-aiart^ 
it is then the firft Hour after Mid-day :, and tbfl 
Circle with which the Circle pailing through the 
Suit and Peki does then coincide, i^ called the Git-" 
cle of the firfl Hour. The next Circle to ihiti^ 
which makes an Angle of thirty Degrees with the 
Meridian of [he Place, is the Horary Circle for 
Two of the Clock; and that which makes an 
Angle of forty-five Degrees with the Meridian of 
the Place, is the Borary Circle for Three of thff" 
Clock, 6 c. 

In any Place of the terraqueous Globe, the 
Heigh[ of the Po/e above the Horizon is equal to 
the Larinide of the PUce. L c the Circle H Z Q. 
be the Meridian, Hp ihe Horizon-, jCCQ^tho 
jEquator, Z the Zenith, and P die Fok : Tbe 
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kvaiion of che Pole-, or its Diftjnce from the Ho- 
; the Arch PO, the Latitude ot the Place 
t its Dillance from the j^uaior is Z JS,. And 
icaufe the Arch P J^ between the Pole and the 
iquator is aQiiadrantj or fourth Pare of a Circle,' 
1 the Arch Z O, from the Zenith to the Hon- 
a is Ukewife a Qiiadranc, thefe two Arches Z M 
fad P O muft be equil. Take away the Arch Z I', 
^ch is common to both, atid there will remain' 
. s Arch Z jE equal ro the Arch P O ; that is, the , 
^dcudc of the Placej is equal to the Altitude or 
Beight of che Pole above the Horison. 
^HeNce we have a Method of meafuring the 
SrcumPerence of the whole Earth, and of know- 
» how many Miles it h round the Earth : For 
If we go diredtly Horihtuard rill the Fole be ele- 
vated one Decree higher, and then if we meifure 
the length of the Way we have gone North-ward^ 
and have theNumbcr of Miles it contains, we flijil 
have the Number of Mile* in a Decree of a great 
Circle of the Earth's Gbbe \ and this Number 
sauliiplied by ^60, the Degrees in the whole Peri- 
phery, ic will give the Length of the Circumference 
of the Earth in Miles. By the moft accurare Ob- 
fervationsi the Length of a Degree is fttund to be 

E Miles, which was commonly reputed 
(So Miles, 
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Leaure 

LECTURE XIX. 
Of the 'Dodrine of the Sphere. 




BH E Angle contained between the 
j^quator and the Horixon, is mcttTurtd 
by the Arch of the Meridian A H, 
which is the Complement of the Lt- 
timde to a Quadrant. Atid tberefon 
if that Angle be r^hr, the Latitude of the PIks 
will be nothing, or the Place wiU be in ibe 
.Equator i or the jtquinodial Circle will pais tbro" 
ihc Vertex of the Place, and all the Paraliek of 
the vEquator will be prpendicuhr to the Hori- 
zon ; and therefore this Pofttion of the Spberi is 
cali'd a ^ight Pojithw, in which all thefe Parillds 
are cut by the Harizjiu into equal Portions; whence 
the Scars are as long above the Horit^n, as they !» 
hid under it: Here likewife the Poles lie in the 
Horizon wiibout any Elevation, as is manifeft bj 
the Figure, where the Point of the jEquinoftial B 
h in the. Vertex, and the Poles P p, in the Hoti- 
Plate XVI. zon. If we gn from the Equator towards eithet 
^'S-5- of the Pules, the jtquaior will then appear to ic" 
part from the Vertex or Zenith, and to com^, 
nearer to the Horizon, making with it an obUqu^^ 
^oblique Angle; whence fuch a Situation is called an ohliqu^Z 
^J^m'm' ^"P'"" "f'^^ Sphere, and the Pole towards which^O 
Po(iiion''r.f ^'^ movc, doih rife more and more above the _ 
thesphen;. Horixon, the nearer we approach it; its Eleva- 
tion being always equal to the Latitude of the 
Place, while ihe other continues as much depref- 
Kg. s. Ted below it. The Figure does clearly Ihew this 
fort of Polition, which we and all that live in the 
temperate Zones obtain, where the j^quator JE Ci_ 
is. biictSed by die Horizon, as it is in a right 
- Sfhei 
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sphere : Wherefore when the Sun, by his apparent Ledure 
Diurnal IVIotionj defcribes this Cirdcj it makes XIX. 
he Day equal to the Nighti but the Parallels of ta'''^>*, 
he j^quaior, in this Oblique Pofithn, are not cue 
nto two equal Parts by the Horiz-on ; bur ihofe 
vhich are towards ihe elevated Polcj each of them 
lave a greater Portion above than under the Ho- 
■jzon : And as each Parallel is nearer the Pole, fo 
nuch the larger Potion of it Itands above the 
horizon. But when the Diftance of the Parallel 
Tom the Pole becomes lefs than the Elevation of 
he Pole, or the Latitude of the Place, then that 
Parallel, and all thofc included within it, are 
wholly above the Horizon, no Part of them ever 
etting under it- The contrary happens in the 
Parallels which lie towards the dcprefs'd Pole, a 
froaller Portion of them heing above the Horizon, 
and the greater Parr lying under it. And thofe 
Parallels, which arc nearer to the deprelTed Pole 
than the Latitude of the Place, remain perpetually, 
together wi:h the Stars included within ihcm, un- 
der the Horizon, and are never viiible to us. 
Hence it is necciTary, fince the Sun each Day de- 
Icribes by his apparent DiurnsI Motion fome Par- 
allel, that from the Vernal jEquinox to the Sum- 
mer Solllice, the Days growing lunger and longer, 
will be continually longer than the Nights; after 
the Soillice, tho' the Days continue til! ihe Au- 
tutrnal jEquinox lo be longer than the Nighc^, yec 
they become (horter and Ihoricr, and at the JE(\iii- 
nox, they but juft equal the N ghts : From thence 
to iheWinter Solilice, the Days continually become 
(horter than the Niches, and are the flidneiV when 
[he Sun is in thai Solftice; bur as the Sun leaves 
itj they increafe again, and in the Vernal ^Equinox 
the Day is as long as the Night, 

I N an ObHijue Sphere the Snrs all obliquely rife 
and fet- And as the R'^ht Afievfnt of a Scar is 
the Arch of the ^Equator contained between the 
firft of Aries, and that Point which comes to the 
Hferiiiian with the Star, or that Point which in a 
Sight Sphere riies with the Star: So the Oblique 
Afcen- 
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Ledhire Arcenfion is the Arch of the Equator between i 
XIX- firft of jirieiy and that Point of the ^Equator wK 
^^Y'sJ rifcs tt^ether with the Star in an Oblique Spbt 
and numbrcd from Vf'eji to Eefi, which accord 
to the Obliquity of the Sphere is various. 1 
Difference between the Right and the Oblique i 
Cenfion is called the Afce»pt»ial Difference. 

In an Oklique Sphere there is one Parallel 
much diftant from the elevated Pole, as the Pit 
is from chc j^quatof) which is called the Cifl 
of Perpetual j^pparitior/, or the biggeft of all dx 
wbich conftanily appear ; which is fuch, that ^ 
Stars inclofed within it never either rife or & 
though they fometimes rife higher, rometimes i 
fcend lower . towards the Horizon. Towards d 
other Pole^ there is another Circle oppofite to thi 
which is the Circle of Perpetual Oceultathn, withi 
which all the Stars that are contained never rif 
but condantl^ lie hid under the Uorix-on, and I 
are not to be fcen. 

I F the vEquator makes no Angle with the Hi)* 

riion, but thofc two Circles coincide; in fuch'j 

Situation the Pole and Vertex coincidcj aaJ « 

the Parallels of the ^Equator become Parallds H 

A Panliei the Horizon ; and fucli a Situation is call'd 1 

Sphere. Parallel Sphere, in which no fixed Stars do ever 4 

ther rife or fet, but turn round in Circles [» 

Plite XVI. ^"'^l ^° ^^'^ Horizon, And when the Sun enttV 

Fig, J. the y^quinnaial, it then glides the whole Dif* 

along the Horizon. When he rifes towards dift. 

elevated Pole, he never fers, but makes a veij' 

long Day of fix Months: ' But when he goes froni^ 

the jStjuinoftial towards the dcprelTed Polc) ^ 

never nfes, and then there is a conitanc Night"' 

fix Months Length. This Pofition of the Sp^*^'^ 

belongs only to them who live at the Pole, ifaO?' 

are Co miferable as lo have fuch a Place fo^ '■^^ 

Hal^itation. ' 

CUruiti Th li ancient Geographers divided the EaTlh VJ^ 

tmdPa,jI- Qimates and Parallels; for they who live un(W? 

*''■ the vEquinoffial, being in a Right Sphere, hiV< 

their Days a::d Nights equal : If we remove fro»: 

theoCCi 
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:e towards either Pole, the Days in Summer Ledturd 
(me longer than the Nights, and the nearer we XlX. 
pach the Pole, the grcarer is the DifFerence ^r>^^ 
feen Day and Night, when the Day is at the 
p&j [ill we come under the Polar Circles, 

E there it no Night at all. Hence the Geo- 
rs did fo divide the Earth by fuch Parallels, 
fcde the longeft Day increafe by Quarters of 
four i that is, each Parallel was fo far diftant 
\ the next, that the longeft Day in the more 
pte from the ^Equator, was a Quarter of an 
|r longer than chat Day at the Parallel nearer 
|c JEqiizioT : And therefore reckoning the JE- 
& as the firft Parallel, the fecond Parallel palled 
l^h rhofe Pans of the Earth, where the longed 
jwas twelve Hours and a Quarter long. Un- 
^e third Parallel, the longeft Day was twelve 
n and two Quarters, , In the fourtli, the long- 
pay was twelve Hours and three Quarters, 
I Now two fuch Parallels made up a Climate, 
^ were therefore diftinguifiied by the longeft 
kincreaGng half an Hour from the one to the 
^ Now theExcefs of theSolftitialDay above 
'f Hours may grow ftill bigger, till we come 
e Polar Circle, where the Sun not fetting, 
^ the Day twenty-four Hours long, which is 
a than the Aquinoiftial Day of twelve Hours 
peoty-four half Hours, or forty eight Quar- 
if an Hour. From hence we gather, that the 
ber of Climates between the jEqtutor and 
Circles muft be twenty-four, and the N"um- 
f the Parallels forty-eight. 

, CAUSE the Civil Year of the Ancients didni „^^ 
) Pace or agree with the apparent annijal""'^"'"i' 
of the Sun i having the Day of the Month, ^'*' "'"'' 
Year when any memorable Adion fell^fc^-;«/ 
could rot be from thence immediately aiK/HiCa- 
1 what Seafon of the Year it was done."^- 
therefore, when the Husbandmen fettled the 
for the ftveral diftinilt Parts of their Bu- 
:hcy could nor point out that Time by 
in Day of their Kahudari for the fame 
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Lcfture Day of ihe Month was not always in the i 
XIX. Scofon of the Year : But it was neccf&ry to I 

\^V"W more certain CharadJcrs and Marks to diftina 
Times; and therefore the Writers of Husbatnl 
Hiftorians and Poets, had rccourfc to the Ri 
Snd Settings of the Stars., by chctn to mark 
the Titnes. And of thcfe Rifings and Setd 
Aey reckoned three Sorts, w^. T\ie Coftmeal, jfti 
meal and hteliacal. AS far is fsid to rife or fctC 
mieally^ which tifcs or fcis when the San rif«; 
that a Star which rifes or ftrs in the iVfoming ri 
or fcrs Cofmkally. A Star rifes Achramcatij, ijrfl( 
it rifes while the San ftts, that is, in the Evaiin 
when it Is in Oppoiition to the Sm, and is vifil 
flU Night. 

A Star rKeitJfUacallj, when after it has beenhf 
Conjunftion with the Sirn, and on that AcCoUitf 
invilibie, it comes to be at fuch a Diftancc Irotf 
him, as to be fcen in the Morning before Jrf 
riling, when the Sun by his Apparenu Motion nf 
cedes from the Star towards the Eafi. Bm th 
Httiacal fetiing is when the Sun approjches S 
near a Star, thit it hides it with his Bmois, wMdf 
keep the fainter Light of the Star from being per-' 
ceived. And therefore the Heliacal rifing ai» ^ 
ting is rather an Apparition andOccukacion,thin J 
rifing and fecting. 

All the fixed Start in the ZoJra, 
wife the fuperior Planers, Mar^, Jvfiter and J*- 
turn, rift Heliacelly in the Morning a little bdbtS 
Sim rifing, and a few Days after they haw w 
Cofmicatly ^ becauie the Sun in his Apparcni Mo' 
tion gets before them, moving fafter EaffviarJ: BuI 
they fet Hfliaea/fy in the Evening a little before 
their Achronical fetting. But the Montr, whofc 
Motion 'Eafi'uiarJ is always quicker than the Ap* 
^rent Motion of the Suti, rifes HtUacaUy in th^ 
Evening, after the new Moon or the Change, ffbe'' 
it can be firft difcoirered at Sun fetting; but di^, 
Jttoon fees Keliarally in the Morning, when ih^ 
MooTt is old and approaching to a Change. Th^ 
inferior P/afffW, ffffur and Merctry^ v\Az'a. forfl^'^ 







TLatcJrVi: fitmi^ . ;f . nixz 




r 



LECTURES. 



.,n 



lesleem to golVefi-xarJ from the 5«w,andfome- Lefture 
hfs again have a quicker Motion rhm he Eafi- XIX. 
rj, rife Heliacally in the Mornins; when theyV.'V^J 
[Retrograde i but when they are Jireift in their 
ptions, they ri& Heliacally in [he Evening. 
fn order to obferve the Altitude of the 5»m, or any h™ " o*- 
p"j we ufe a moveable Quadrant E AD, with^'^^'. 
1^ Sights AjB, or a Telefcopc placed along one ,i, sunyirY 
pts Sides, and a plumb Line AC hanging from« Star. 
[Center. The Quadrant bebg placed in a Ver- 
pl Plane, vnuit be turned upwards and down- 
^ds, till the Rays of the Sun, paffing through 
b Hole of the nrft Sight next the Center, fail 
ipa [be Hole of the other ■-, or till the Sun's Image 
Bears in the Facus of the Telcfcope ; and then P)'" ''^'^ 
I Quadrant being kept in this Pofition, the *' '" 
Unb Line or Thread, will ihew the Arch E C, 
ttch meafures the Altitude of the Sun. For pro- 
fee A C to Che Zemih Z, and let A H be an Ho~ 
HHUal Line. The Angles EAB and Z A H 
I equal, being both Right ; but the Angles 
P^C and Z A S are likewife equal, they being 
-"' :al lo each other; Wherefore, raking away 
Angles, there will remain the Angle £ A C 
to the Angles AH. But the Arch EC mea- 
the Angle EAC, and the Arch of the Vcr- 
between the Sun and the Horizjtn meafures 
Angle S AH; and therefore, this Arch or the 
t Altitude, and the Arch E C, are iimilar or 
jtjArcbes. But if the Height of a Star be to be 
|prved, inftead of the Irradiation of Beams as in 
Swt, we mud look thro' both Sights, or the 
ffcope for the Star^ and when we can fee it, 
(I the Thread will ihew the Altitude of the Star, 
le Meridian Altitude of the Sun or Star is known 
ijjferving when the Altitude is greaceft ,■ for thea 
iS»» or Star attains his greiteit Height, being 
.Jo the Meridian. 
BE Knowledge of the Latitude of the Place ^^ " »*■ 
Foundation of all ^fironomkal Obfe r vat ions, {™,;,f- 
It which we can know nothing; and there- o place. 
it is 6rft accuraicly to be obtained: And be- 
cauTe 
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Lci^nrc caufc we have fliewed the Altitude of the tJit\ 
XIX. to he always equal to the Latitude, we can tdl 
find our Latitude by obferving the Fole\ Hei^; 
but bccjulc the Pole \s only a Mathetnatical Pdnii 
and no ways to be perceived by our SenleSy fi 
cannoc find its Height by the fame Method as «b 
tttln^ftH' did chat oi ihe Sun or Stars. And therefore v^ 
vomoftbt muft take another Way for finding it. And fiHE 
^^'-"'* wc mult find he Searion of the Plane of cheAfc 
ridian with the Horizon^ which Sedlion is called 
the Meridian Line. This is obtained by erDfliif 
a Gnowou or Perpendicular upon the Horizon in Of'^ 
dcr CO call a Shado\^ j arid at the Foot of the Gs»- 
mo7i-i at that Point which is dire&lj under the 
Top- Point, which calls ihe Shadow, there muft be : 
dcfcribed a Circle, on whofe Circumference the 
Shadow of the Top-Poinc may fall before Mid-dn^; 
and that Point of the Circumference where ttc 
Shadow comco, mull be carefully marked. Agtioj 
after Mid-day obferve the Point where theShwoW 
comes again to the fame Circumference; anidlcC 
the Arch between the two Points of the Shdow W 
bifedcd, or cur into equal Parts. A Line dniwrf 
from the Center to the Point of Bifedion will bd 
the Meridi-jn Line : For the Sun before atid aficf 
Mid-day beinG; equally hi.\h, is equally diffant 
from the Meridian^ or is in two Vertical Girdcs,* 
which make on eich Side equal Angle's with it; 
Place therefore the Quid rant on the MeridianlioCj 
fo that its Flmc may be in the Plane of the Mcfr 
dian; and then take (oma Star near the P<?/p, wh*ctl 
never lets, and obferve both its greateft and leaft 
Plate XVII. Altitude. Let the greateft be S O, and the lead fO» 
**2'*' the Difference of their Alitudes is the Arch^S> 
the half of which P S or P y, deduded from *^ 
greateft Altitude S O, or added to the leaft s ^' 
will give P O the Altitude of the Fole above ^\ 
Horizon^ which is equal to the Latitude ^ 
the Place. If the Declination of the Sun ^ 
known, we may find out the Latitude of thePlj-^ 
in this Manner : Obicrve the Meridian Diftance ^ 
the Sun from the Vertex or Zenith^ which is alwii' v 



LECTURES. 2ii 

i CAmplement of his Altitude ; and add to this Lefture 
! Sun's Declination, when the Place and he are XIX 
f the fame Side of the j€i^uator; or Ribihad the i^^"^ 
.._ leclidation when they are on diiFerent Sides, the 
Sum or Difference is always equal to the Latitude : 
But when the Declination of the Sun is greater than 
the Latitude of the Place, which is known from the 
Sun's being nearer to the elevated Pole than the 
Vertex of the Place is, as it will often happen io 
che torrid Zone; then the Difference between the 
Sun's Declination and the Sun's Zenith Diftancc is 
the Place's Latitude. 

Having once found out the Latitude of the n<mi i<? 16- 
Place, the Obliquity of the Ecliptick, or its Incli-f"-^"^ 
nation to the j^quator is ealily obtained, by obferv- "t'Tl?,'-^ 
ing about the Summer Solftice the Sun's Icaft Di-' "''"' 
ftance from the Vertex : If this Diilance be fub- 
ftra.aed from the Latitude of the Place, when the 
Place is nearer to the Pole than the Sun is, the Rc:- 
maiuder will fhew the greateft Declination of the 
Sun, which is equal to the Obliquity of the Ecliptick. 
Moft Aftronomers make the greateft Declination of 
the Sun, or the Obliquity of the Ecliptick to be 
ajj Degrees; but the more accurate Obfervations 
if our modern Aftronomers iliew it to be one Mi- 

elel^, 
pY the fame Method, the Declination of the Sun ff™ "fi-"' 
t any Day, or that of a Star may be taken ; {o^'tiDnlna. 
men the Sun or Star is nearer to the j^quator j^ f^ Sw. 
than the Place, take the Difference between the 
Latitude of the Place and the Meridional Diilance 
of the Sun or Star from the Vertex, and we (hall 
have the Declination : But if the Vertex of the Place 
lie between the Sun or Star and the jEguator, thea 
ihe Sum of chefe two Quantities is the Declination. 
_^Having the Declination of the Sun, it is cafy roTafinditr 
wA his right Afcenlion and Place in the Ecliptick, ^"''■' "g'" 
f the Solution of a right angled fpherical Triangle. ■^'"-^'"'* 
T let -(EQ.be the ^Equator, M C the Ecliptick, Platexvil. 
the Sun ; from which let fall on the ^Equator a ^'^- 5* 
Eircle of Declination SD, and then the Arch SD 
Q^ will 
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Leiftnrc will be the Sun's Declination. And therefore III ' 
XIX. the riEhc-sn^lcd Ttianglc .*SD we have SD 
V^i^^f^^ rhe Angled ; We can therefore from thence fini 
by rphcrical Tri^namttrj the Arch jE D, which i> 
the right Afceni'ioii of the Sun, and jCS, wbid) 
gives his Place m the Ecliptick ; and likewifc ibe 
An^vESD, tRelnrlinitionof tlie Circle of I>- 
cJinition, or of the Meridisn with the Ecliptick. 
So'likewifc in the right-angled Triangle &%\i, if 
we \t\z the Side (ED, which is the right Afcoi- 
fiofi, the Angle & being conftanc and known) we 
may eafilv find the Side S D, which is the Declini- 
don of rne Point of the Ecliptick Sj wiiich comes 
to the Meridian tt^echer wiih D, and is then ciJIed 
the MrJiir"! Cirfi, Or Mid-hcaven ; as alio the Angle 
.^;SD the Inclination of the Meridian to theEcltp- . 
licit. Or laflly, if jfE S the Longitude of the Poim 
S be known, we can fiom it find its right AfcM- 
flon and Declination, together with the Angle DSQ 
(tf [he Ecliptick and Meridian, 
Tie ipp'- If the Dechnation of the Sun by the Method wt 
ITief"" ^^ (hewed be daily obferved, we can from ihence 
n'lbiEt COlledl: the apparent Motion of the Sun in theEdip- 
liptkii II n(( tick, which is always equal to rhe Motion the Eatth 
«f«d^. -jcally his in the fame Tfme. Now, by Obfervation, 
we find that the Sun does not move equably, o* 
always with the fame Velocity in the Ecliptick : And 
therefore the real Motion of the Earth muffi be uo^^ 
equal, and not conftantly the fame ; in the Smnmer'^ 
Solftices the Earth has a flower Motionj in the Win- 
ter Tirete it moves quicker: And this happen^ be- 
caufe the Earth by its real Motion is carried io-the 
Perimeter of an Ellipfc,' which has the Sun ra *^ 
■of its Fir;'; round which it revolves in fuchaN 
ncr, that a Line drawn from the Sun to the Earfl 
and b^ an angular Motion carrying the Earth a 
with It) doth always fweep or defcribe EIKj 
Area's or Spaces proportional to the Times in i* 
they arc defcribed. 

Having the Place of the Sun in the Ecliptic 
the Help of it, and a good Penduium Clocks 
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'1 find the right Arcenfions of all the Stars : For Lefture 
leh Purpofe the Motion of the Clock muft: be XIX, 
jdjufted, that the Hand may run thro' [he twenty- L»''V'v/ 
r Hours in the Time that a Star leaving the Me-'^'f"'''" 
bn will arrive aC it again i which Time is fotne- ^f*^^'"" 

Efhorter than the natural Day, becaufe of thestats. 
c the Sun moves thro' in the mean Time Eaft- 
m. The Clock being thus adjufted, when the 
\ is in the Meridian, fix the Hand to the Poinc, 
lb whence we are to begin to reckon our Time ; 
[.then obferve when the Star comes to the Me- 
■n, and mark the Hour and Minute that the 
kd [hen fliev/s : The Hours and Minutes defcrib'd 
U)C Index, turn'd into Degrees and Minutes of 
l^fiquator, will give the Diflcrence between the 
it AfcenQon of the Sun and Star ; which Diffe- 
tt, being added to the right Alcenfion of the Sun, 
[give the right Afcenfion of the Star. Now if 
Imow the right Afcenfion of any one Star, we 
P from it find the right Afcenfions of all the others 
eh we fee, by marking the Time upon the Clock 
^ecn the arrival of the Star, whole right Afcen- 
f we know, to the Meridian, and another Star, 
Bfe Afcenfion is to be found. This Time con- 
ied into Hours and Minutes of the j^quator, 
(give che Difference of right Afcenlions ; from 
pice, by Additiojt, we coJleft the right Afcen- 
I of the Star which was to be found out. 
Itrr by knowing the right Afcenfion of one Scar, Tit right 
night Afcenfions of the reft are eafieft found by-^fi"'^"'^ 
tfimowing Method ; where there is no need of;^*,'^'' 
feng till the Scars come to che Meridian. Weisw/oa,' 
t ufe aTelefcope, in whofe Focui there are fixed'*""" 
[Threads extended, two of which, as AB, CD^"^^^.^ _ 
rone another at right Angles, and the otber fmisafibt' 
I E F, G H make halt-right Angles with che for- '■'fi- 
t two, ac cheir common Interftiftion O : Then 
jTelefcope is to be direfted to a Star, whofe 
K Afceniion and Declination are known. 
[^hD then che Telefcope is to be con ftantly turned 
01c Scar be feen in the Line AB, fo as its appa- Piatexvir, 
' 0^2 rencFig.4, 
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Lf'liirc xcw liiuniil Mo:ion may be along that Line; in ' 
\l\ v\i..':li Pvvirion the M^^hr Line AB will reprefenci 
i*or:;tn oi In: n.n.ilicl Circle the Star dcfcribes, k 
V':\\v\ in :i Parallel m irs Plane : And becaufe the 
JJne < ' i") Clirs it :t: Ri^ht- Angles, it will reprefenE 
I'lino iio:ary Ciid-j. Fix then the Telefcope very 
\'xv^ in this Situaiiun, and mark the Time according 
i'» :i:c Clock; when the Star, whofc Afcenfion tf 
knovvii, comes to the Line CD. Then agaiii» 
ol^Jcrvj any other Scar with the Telefcope, which 
will a;'pcnr to move in fome Line LK that is 
|v.ir.iilcl to A B; and mark likcwife the Time when 
ir comes to the horary Circle CD in Qj^ The 
J!)ii1erencc ot Times between the arrival of the firft 
Star to the horary Circle, and the coming of thii 
l.iit to the lame, converted into Degrees and Mi- 
n-ires of the ^Equator, will give the Diflference of 
iheiv light Afccnlions : And therefore if the r^ 
Afcenfion oF one of them be found, we mayfir^ 
ihcnce collc^lil \\vj right Afcenfion of the other. 

Bir:cAvsE the Angles QH O and C^O H arc cooali 
being each half a Right, C^H will be equal toQO. 
Now if we mark the Time between the comio|| 
to the Thread O H, and irs touching the Thitia 
O C^, we fhall have the Time the Star takes to 
<](Mcrit>c the Portion Qli of the Parallel. Tto 
'J'imc bcincr turned into Degrees and Minutes, will 
"ive ihc N'miber of Degrees and Minutes of the 
Portion i^X I. B- it the Arch of the horary gre^ 
Circle is equal to this Arch Q^FI. Now in uocquil 
Circles the Degrees and Minutes that eaual Ajcta$ 
contain arc rccij'>rocally as the Radii or SemidiaiDe- I 
ters of the Circles, as we fhall (hew hereafter. ^ | 
the Radius therefore of the great Circle is to tbp 
Radiu.; of the Parallel L K (which does not fctj»" 
bly differ from the Radius of the known ^^^^L 
A B} that \s^ as the Radius is to the Sine of ^^ 
Stars Dilbncc from the Pole, fo the Numbe^ 7. 
Degrees and Minutes in the Arch H O of the * .* 
rdllcl, to the Number of Degrees andMinut^^ - 
tlie Arch O (^of the great Circle i which therc»^ |\^ 
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will be known by the Rule of Proportion. But I.c(^ure 
QJO is the Difference of the D^clinntioRS of the XIX. 
Star which defcribcs the Panillcl A 1^, and of that ^y>^>mf 
which defcribes the Parallel L K ; thei elore from 
the Declination of one of thcfc Stars being; known, 
we can find the Dcclinarion of the other. And by 
this Method the right Afceniion:; and Declinations 
of moft Stars may be obferved. 

That in unequal C'ircles the Numbers of limi- 
lar Parrs, as Degrcciand Minutes, that arc m Arches 

g|Ual in bignefs, are reciprocal ^o flic Rati i c\ the 
ircles, may be thus demomlr.iiv' .. Imai-.ine two 
unequal Circles, whofe Cenrcr i C\ iind in rheni 
equal Arches BE, AF : Dnv from tlu- CVnrcr 
CB, CE, cutting from the loricu* Clifclc ihcAich 
AD. The Arches AD and BE will crjncain equnHM'teXVii. 
Numbers of Degrees and Minutes, and i)ccaufc^^2- 5* 
AF and BE are coual, AD will be to A F as AD 
is to BE. Bur AD is to PK as CA is to CB; 
therefore A D will be to A F as C A is to C B. 
But A D is to A F as the Number of Degrees and 
Minutes in AD or in BE is to the Number of 
Degrees and Minures in A F. Wherefore the N um- 
ber of Degrees and Minutes in BE is to the Num- 
ber of Degrees and Minutes in A F, as C A is to 
CB; or in a reciprocal Proportion of the Radii of 
the Circles. Which was to be c^emonilrpted. 

Having the rio;hc Alcenlion and Declinativ>n ofHainncrth 
a Star, its Lon5:itudc and Latitude n^.av be found '''^^■^ 4'^''""* 
out by the Solution of a ipherical Trian^^le. For^.^"^/-^^„^ 
imagine BPQ^ to paCs through the Poles of xhcits Decline. 
.£quator and Ecliptick, this Circle is thj SoUi'uiab'''^'^''fi'^'^ 
Colure. Let JEQ^bc the Equinoclial, EC t\\Q''J„y2lt"'^' 
Ecliptick, whofe Sedion with the Rqnino^fHal isTj/T/-."'" 
and let S be a Star, through which ^^x^qs the Circle Plate xvii. 
of Declination PSF, cutting the Equinodtial at F:^*^'^ 
The Arch .V F is the right Afcenlion of the Star, 
and SF its Declination. Draw through the Pole 
of the Ecliptick B and the Star ihe Circle of Lati- 
tude B SO, meeting with the Ecliptick in O: Then 
T O will be the Longitude of the Star, and S O 

3 its 
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LECTURE XX. 

Of the Twilight, and of the RefraSlm 

of the Stars. 



Jbe Air 
maket the 
Firmament 
lucid. 




E s I D F, s Other innumerable Convcnicn- 
cics which we receive from the AtJM- 
fphere^ we have this great Advantage) tfiar 
while the Sun fhines, it makes the Face 
of the Heavens or Firmament to appear 
lucid and bright , for if no j^tmofphere furrounclcd 
and involved the Eanh, only thar Part of the Hc^ 
yens would .ippear to fliine in which the Sun was 
placed : And a Spe(n-arorj if he fhould turn his Back 
to the Sun^ would immediately perceive it as dark 
as Nighr^ and even in the Day-time, while the Sun 
fhined, t^ic leail: Stars would be feen ihining? as 
they do now in the cleareft Night ^ fince in that . 
Cafe there wou-d be no Subftance to refleft the 
Rays of the Sun to our Ey^s, and all the Rays whicb 
do not fall upon the Surface of the Earth, paffiuft 
by us, would cither illuminate the Planets ana StarS) 
or fpreading thcmfelves out into infinite Spaccj 
would never be rcfleded back to us. 

But fincc there is an Atinofphere covering the 
Earth, which is ftrongly illuminated by the Sun, it 
refli^ds the Light back upon us, and makes the 
whole Heavens to Ihine ; and that fo ftrongly, that 
by reafon of its Splendor, it obfcurcs the faint Light 
of the Stars, and renders then? invifible. 
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J I F there were no Attnofpherf, the Sun imme- Leisure 
fchcel)' before his fctiinf;, would (liine as briskly XX. 
B at Noon i but in a Moment, as foon as he is \^\'>J 
S, we fliould have the Face of the Earth in as 
tear Darknefs as it would be at Midnight: SoTfc Ci-yfi 
JiicV a Changej and fo (iidden a pglBng from i'ae.^J'hy^' 
reatcft Light to the ercateft Darkiieis, would be"™ " 
dry inconvenient to tne Inhabitants of the Earth. 
hi by means of the Atmofphtre it happens, that 
io' after Sun-letting we receive no dircft Light 
torn the Sun, yet we enjoy it's refleftcd Li'^hc for 
ome Time ^ fo that the Darknefs of the Night 
tomes not fuddenly, but by dcgres. For after 
(le Earth by its Revolution round its Axis has 
rjthdrawn us from the Si^ht of the Sun ; the 
Stmofphire which is higher than we are, will ftiU 
le illutninated by the Sun ; fo chat for a wiiile the 
Aole Heavens will have fome of his Light im- 
Srted to it. But as the Sun goes (till lower under 
he Horizon, the lefs is the Air illuftrared by him : 
O that when he is got as far as 18 Decrees lower 
ban the Horizon, he no longer enlightens our^r- 
tofihere, and then all that Patt thereof that is over 
a becomes dark. 

- So likewife in the Morning, as foon as the 
km comes within 18 Degrees of the Horizon, he 
legins again to enlighten the Atmofphere, and to 
mafe his Light through the Heavens : So that its 
''■fhtnefs does ffill increafe, till the Sun riles 
makes full Day. This (mail Olumination of 
jitmnfphfTe, and ftite of the Heavens between 
)ay and Nigh:, is what we call the Twilight, 
'hich is obferved in the Morning before the Sun's 
Ing, and at Night after his letting i in Latin it 
named Crepufiulum. 

To make this plainer, im^ne the Circle 
rD L on the Surface of the Earth, in the Plane 
f the verrical Circle in which the Sun is when 
Oder the Horizon. Let there likewife be another Pbtc xiz. 
Jnccntrical Circle CBM in the fame Plane, in-*''B- '• 
uding that Portion of the Air that rcfletis the 
jBi's Beams : And fuppofi; the Eye lo be on the 
Earth's 
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Lcfturc Earth's Surface at A, whofe fenfible Horizoo ii 
XX. A N. Since no Line can be drawn to A betwea 
^OT^ the Tangent A N and the Periphery A D, by d« 
i6th ot the Third Element j it is plain, that whtt 
the Sun is under the Horizon, no dire^ft Rays en 
come to the Eye at A : But the Sun being in the 
Line CG, a Line may be drawn trom him to C| 
fo that the Particle C may be illuminated by the 
direcb Ravs of the Sun ^ which Particles may re- 
fled thofc Rays to A, where they may enter tbe 
Eye of rhe Spectator: And by this Means dbe 
Beams of the Sun's Light illuminating an innih 
merable Multitude of Particles, may by them be 
reflected to the Spectator in A. Let the Tangent 
A B meet with the Surface of the Orb of Air that 
refledts the Lighc in Bj and from B dra,^ BD, 
touching the Circle A D L in D, and let the Sun 
be in the Line B D at S : Then the Ray S B will 
be refleded into B A, and will er.ter the Eye, 
becaufe of the Angle of Incidence D B E being 
equal to the Angle of Refledtion ABE: And 
that will be the firft Ray that reacheth the E/e 
in the Morning, and then the Dawning begins; or 
the laft which falls upon the Eye at Night, when 
the TvjUight ends. For when the Sun goes lower 
down, the Particles at B can be no longer illu- 
minated. 
jtnotber T H E Refleftion of the Atmofphere does not 

Caujeofthe feem to be the only Caufe of the Twilight \ but 
Twilight, i-here is an iEtherial Air, or Atmofphere^ likewife 
round the Sun, which fhines after the Body of the 
Sun is fet : This Orb of the Sun's Atvjofphere ri- 
fing fooner, and fetcing later than the Sun icfelf) 
fhines out at Mornings and Nights in a circular 
Figure, it being a Segment of the Sun's Atmofphere 
cuz by the Horizon ,* and its Light is quite of 
another fort, than that which is made by the Re- 
fledtion of our Atmojphere. But the Duration of 
the Twilight that arifes from the Sun's Atmofphere^ 
is fliorter much than thit made by the Refledtion 
of the Earth's Atr^ofphere^ which does not end till 
the Sun comes to be 18 Degrees below theEIori- 

vwn> 
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^ri) or thereabouts. Buc there can be no certain Ledure 

«inds fixed for the Beginnings and Endings of XX, 

%e Tvjilighti ; for their Lengths depend on the*, 

gi»Dciiy of Matter in the Air which is able co re- 

^& Light, and on the Height of the jiemajfbere. 

h the WiMier the Air, being condenlcd by die Cold) 

low ; and on that Account the TwHs.hti are fooner 

In the Summer the Air is rarify'd by Heat, 

Old therefore being higher, remains longer iSlumi- 

Bated by the Sun, fo that the T'uiilights ]a(t rhe 

%nger: Alfo the Duration of the TuiiUght is 

uorter in the Morning than at Night- We gene- 

lUy reckon chat the Twilight begins or ends, when 

I the Morning the Stars of the llxth Magnitude 

ifappear, or in the Evening when they firft come 

1 be leen; the Light of the Air before thjt reo- 

; them invifible. Ricciohs obferved it Bo- 

r, char the Morning T-wi/i^ht, about the Time 

■of the Ei^uinoliies, tailed an Hour and 4.7 Minutes ; 

' 1 the Evening two Hours, and did nor end 

1 the Sun was 20 Degrees under the Hori'Lon : 

in Summer the Morning Tiuil^ht was three 

tours and 4.0 Minutes Inng;; the Evening Tiui- 

Pifete fcarcely ending till Midnight. 

' Hence if we have the Time of Beginning ^^-^i** 
of the Twiiight in the Morning, or the End of it '^m,^' 
u Night, we may find the Heighr of the Air chain.a_/v™ij 
refledts the Light; for then the Twilight ends, ■"" [>*/■"••«- 
11 when a Ray ot Light from the Sun touches the 'if ^^ 
i Globe of the Earth, and h by the higheft Air re- 
I Sedted to our Eyes : For having the Time, 
I We can find the Depreflion of the Sun below 
I die Horizon, and from thence the Height of the 
r. Air. For let SB be a Ray of Light Touching 
I riie Earth, which is reflefted by a Particle of Air 
RJn its higheft Region, in the Horizontal Line A B i 
j. the Angie S B N is the Meafure of the Depreflion 
|.pf the Sun below the Horiion: And becaufe AB 
i U alfo a Tangenc, the Angie A E D at the Center 
rip equal to the Angle S B ?v' ; and its Half, that isj 
[ f he Angle A E B, is e<^ual to half S B N, nr half 
F the DeprefTjou of the Jiun. Suppoie the Depref- 
Oon 
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Lec^'ire fi>n of -Iv^ Sin, at the Bi.*j;inninp: or End of 7tah« 
XX. Ik''*^ i>" I '^ ■ >- ".>vos \ then the Angle A E B will he * 
l^y^ o O •"r>rs ""hi'-h 'mrH be r rue, did the Ray SB 
p.r chr )' ih:: yi'^*r'">l::ri' wirhour Rcfridtion : But" 
lu'CiUlc It '\< r.iV.;.: { and bcnr towards Hj we 
nuilt liiiivni !i ihj Anemic A K B by a Quantity 
eq'iil ro rhj ! ori/.ontil RcfravtKon, which is »■ 
hove li.'if x I):"h.'l': Aiv.i '^h:*refo'"C the true Mcar 
line (.f rhe A'v^ie iW.A is SJ- Degrees. Mor^ 
over, A !'' is n HI I as ;hc kadiii^ is to theExccfi 
ot the Secinc ot the Anii^'.L' AEB above the Rj; 
dins, that i>- ai lococ.^ is to mo Therefore if 
the Semidiamctcr of the Kiirh be in round Num- 
bers 4000 Miles, B 1 ! \\v: Heighcof the Atmoffhertj 
which reflects the Sun's Rays, will be about 4^ 
Miles; for as 1 00000 is to mo, fo is 400a 
ro 4.).. 
Under the I N a right Pofition of the Sphere the VailighU 
j^juator ^xQ quickly over j becaufe the Sun defcends con- 
J^ ^^j/-^ftantly nearer in a Perpendicular; but in an ob- 
light is Jique Sphere they laft longer, the Sun defcendiAg 
A'** obliquely; and the more oblique the Sphere k 

that is, the greater the Latitude of the Place is? 6 
much longer laft the T^xili^hts: So that all thcf 
who are in above 48 Degrees Latitude, in the 
Suimfier^ near the Solftice^, have their Atmofftete 
illuminated the whole Ni^ht, and the TjnlilBt 
lafl:^' rill die Sun-riling, without any compl«t 
JDjrkncis. 
u»der the \ N a Parallel Sphere tie T-jji^ht lafts for fcvfr 
fi"/-'y r:.l aMo'viis,- f^^ that tl'.e Inh..l>i.anrs have ei*er 
Alrh. the (lircdt or rcflc:!: Ligh: of the Sun for almoftaB 

the Veir. 
TlvCi-c'' ^ ^' ^'>^''^^'^' ^''i- Hv^riznn yon conceive a Circlcto 
tmninJting bc cira\vn pri::i ie! to the Hovizon, and at a Di- 
TwiJight. ftanco from ir, '\iu il to tiie Dcpretfion of the Sun 
at the enci of the T-iLi'ijh : 1 h;s IcHer Circle is 
railed the Circle i::r':ih -cruniatcs ihe Twilights; 
for whenevei* -he S:n \jy its apparent diurnal Mo- 
tion re:iehc3 ihi- •- - • rlie Morning Vu::iight 
begins, or the B\'..r. ■■;:. e:>.i>3 in whatever Parallel 
of the /li,(;uator the Sun :s. 

In 
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H the Figure let HC^p be tlie Horizon, Lefture 
X the Circle pirallel to it, tcrminatincr [he XX 
^ht, the Circle H Z O the Meridian, vE Qa O^V">J 
, ^uator. It is maniteft that tlie more ol>- '^' -^"-iM 
e the ^Equator is to the Horizon; lb much the^{j.^ ^* 
net ate the Arches of the Equator and icsTwUighi. 
^cU, intercepted between the Horizon and 
'■(prtniiuringt-QrcIc V<jX. The Arches Q_R, 
^ Ci?) Gh, K/j ^re called the Arches of the 
!/(gi«, becaufe theydcrermiiic their Duration ; 
1 as each Arch has a digger or icis Proportion piat, xix. 
.IS Circle, (ii will the Ttaifight, whea the Sun is Fig. 1. 
hat Parallel, be longer or Ihoner. In the Cir- 
Ijounding the Crepu/des take any Point a, thro' 
,ch paflTes a Parallel to the jEquator ^a- and 
3iKh a imagine a great Circle to be drawn, as 
|« N, touching the Circle of perpetual Appa- 
On : And fince the Horizon likewifc touches the 
c Circle, ihefe two Circles will nuke equal 
_iles with the j^quator and its Parallels,' for 
! Meafure of each Angle is the Diftance of the 
kUel from it.": great Circle. So likewife all the 
^s of the ./Equator and its Parallels, between 
Horizon and the Circle M a N are iitnilar, by 
s, 1%, Book 11. Theadofius'ti Spbericks. This 
:le M fl N will either cur the bounding Circle 
X in two Points, or touch it in one. Let it 
cue ic in iwo Points a and h j and therefore 
Arches of the Parallels da, G h are fimilar : 
Vherefore when the Sun by its diurnai Motion 
lefcribes ihcfe two Parallels, the Tuiiligbts are 
!C}ua]; but while he defcribes any intermediate 
Parallel as C f, the Time of ihe Twilight is (hor- 
er ; for in this Cafe C m the Arch of T-wiligbt is 
els (ban C e, which is fimilar to the Arch J a 
)i G b, and C e and </ a are defcribed by the Sun 
n equal Times. But when the Sun is in Parallels 
:hat are at a greater Dilfance from the vEquator 
:han G A, the Twiiigbts laft longer ^ for the T-wiligbt 
Arch /Kis greater than fK., which is defcribed by 
the Sun in the fame Time as the Arch of the Cre- 
fivfc/e G b. 

While 



4 



Z3! ASTRONOMICAL 

l^ftdre While the Sun ij in Parallels thst are 

XX. wards rhe elevated Pole, the T-wilighti do 
%^\/^ ftaiitiy grow longer, according as thofe F^ 
^bi iiffi- approach cbe Poles: For xhtTf^Hight Arcb •< 
'^»^J'X '°"Sef '" ''^'"? defciibed ibin QR, asd YUl 
Twi^hti. f'lmc ^™y '^ longer than o^. But if the SbH < 
fcribe the Parallel S /, it never will meet with I 
bounding Qrcle, and then [he Tiuilight lafts I 
whole Night long. 

Hence arifes a great Difference betwcea t 
Incfeafc of the T-jjiHuhr and its Decreafc, and i 
- Increafe and DecreaTe of Days and Nights. F( 
while the Sun moves from the Beginning of ! 
to the firft of Cafricorn, 3II that Time the Drt 
conftantly decreafe, and the Nights increafe: at 
in the Tviili^ht it is orherwife ; for thoiq[b t( 
"Pwilight and Days are at the longeft when the Sail 
is in the firft Degree of si and then they boiS 
decreafe togecher^ yet the Times of T-m^iibt H 
not continually decreafe till the Sun cothes to % 
but there is a certain Point between a and Wj W 
which when the Sun arrives, we have the flttwes 
Twilighr. From thence the TviiHghii will He^'] 
to increafe agaiii, and there will be one Ardi if' 
TuiiHsbf, fimilar to that when the Sun is in if* 
.^uator, before he reaches Vf : And if the St^ 
fliould go fmrher South even beyond the TropidS 
the T-wi/ighti would (till incrcare, ahhoiio^ 'thft 
Days decreafed. And alrhoi^h the Days froni 
the Beginning of the Sun's Entry into Vf do cod* 
flantly increafe, yet the T-jjihghts grow fhone^ 
till the Sun comes to a Pome between yf aad '" 
in which again we have the(liorteft!riw%)&/: ' 
appears plain by what we are here to demoDllig 
in the next Place. ^^ 

e Xrx. zdly. Let the Circle M a N touch the bound 
^'8- 3- ing Circle in one Point, which fuppofe to be i 
ihrou|h which draw the Parallel to the JE.*fxsie6 
da:,l fay, that when the Sun is in this Parallel, I" 
Twilight will be the Ihortell of all. For beca 
the Arches of the Parallels intercepted bctwee 
the tlorizon and [he Circle MaN are all fitnilw 
thsr 
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riwy will be dercribed by the Sun in equal Times : Le&are 
But becaufe the Twiight Arches c e and g h are XX. 
greater than cm or giy the Sun will be longer iti^ 
fStOVing thro' the Arch c e than c to, and through 
the Arch s ^ than £ i ; that is longer than in de- 
^bit^ the Arch t/*, which Arch therefore is the 
"fcortelt Twil/iht. 

The Diftance of that Parallel from the Equa- Tie TJ™ jf 
!fpr, in which is the fhorteft Twiligbt, is thus in-^^/^T'?* 
reftigatcd. Becaufu the Circle M tf N and the IZafiaitJ. 
Horizon H O touch the fame .Parallel, which is 
(jbe Circle of perpetual Apparition, they will both 
be equally inclined to the j^quator ; Ami there- 
fore the Angle «nT of the i^quator, and the Cir- ' 
_«ie M«N, is equal to the Angle FQ.<i of the 
"^(Equator and the Horizon. Thro' the Zenith Z 
:«nd the Point a, draw the vertical Circle Zy«, 
.cutting the j^quator in the Point T. , The Sphe- 
rical Triangles a?iT, TQ_Y, are mutually equi- 
angular to each other, becaufe the Angles at a and 
Y are right; and we have ihewed that the Angles 
St Q^and n are equal ^ alio the Angles at T are 
tajual, being vertical to each other : Thefe Tri- 
«igles then being equiangular, are alfo equilateral; 
Mid therefore T a will be equal to T Y, or to half 
the Diftance of the bounding Circle from the Ho- 
rizon : Moreover, a « is equal to QJ, by i ^ Prop. 
8ook II. Thsod. for FR and (/a arc parallclj and 
therefore d Q^is equal to Q_^'. 

I N the Spherical Triangle T QY redangular 
Kt Y, we have the Side TY half the Diftance of 
the bounding; Circle from the Horizon; as alio 
ihe Angle Y Q_T equal to F Q^d, which mea- 
ftires the Complement of the Latitude of the Place ; 
wherefore we can find QJY, and Q^d, which is 
equal to it. From the Point d to the j^lquator 
■. draw the Circle of Declination rfF; and in the 
Spherical Triangle d QF, we have d Q_ and the 
■Angle Q_, by which we can find the Arch dF, the 
I iJeclination of the Parallel of the leaft Tmligbf 
f from the .Equator, which was to be found. 

This 
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Lcrture This Pnbttm might have been folvcd liy ok ] 

XX liiigic Analogy, For in the Triangle TQY, the 

w-v-»^ KsJius : Tang. T Y : : ,Co-tang- Q : Sin, Ci_Y ot 

TSr /j«* to the Sin, ot .rfQ_: But the Sin. ot" Q_: Co-iio, o£ 

ftj^ir*. *9--- '^'"'■' Co-"ng Q; Thetcforeby the Rules 

jiftii, ,^M-of tlic i;ri& ttcmenr, the Rad. inuhiplied by the 

/^. Sin. of Q_, will be to the Tang, ot TY into ths 

Cx -fin. of Q^, as the Radius is to the Sin, of Qi * 

But in the Right-angled Triangle Q,</F, Ridiui 

is to the Sine of Qj^ as the Sine of the Angle Q. 

lo the Sine afF; iuhcreforc Rad. X Sine CLwill 

be to Tang, of T Y >: Co-liiic of Q_, as the 

Sine of Q ro Sine of iVFi and rheacej ex *}ao, ' 

will be as Radius to Tang, of T Y, fo Co-line 

Q_or the Sine of the Latitude, to the Sine of I 

Diliance of the Parallel from the j^quator. Havi 

the Declination of the Sun, the Time of the 

Binning of the Morning Twilighf-, which we 

Break of Day, or the End of the Evening TwHigbt, 

Thi Dura- is thus to be found. Let op be the Parallel of the 

•/oim/Twi-Sun, meeting with the bounding Circle in p; and 

!iS«/"" ^^^'^ through the Pole the Circle of DcclJ '"^ 

Pp. In the rpherical Triangle PZp we bare 1 

the Sides, for Z P is the Compiemcnc of the ' 

tifude, Vp the Complement of the Sun's De ' 

tion, and 'Lp equal to the Sum of aQuadniil)! 

the Dirtance of ihc bountling Circle from theS 

rizon =7ul-{-lp. From which we can find 

Angle Z Pf , and its Complement to two Rignu 

pP V; Ami the Arch of the j^quator, meifudDg 

this Angle, being converted into Time, will Ic 

the BegLuniiig or End of Tmli^hr. 

RifraBhn The terrestrial ATMOSPHERE, 

^^ f'h ^^'^y rcfledJng the Sun's Beams, not only producM 

""P "*• jj^g Morning and Evening T'^iiif,bc, but it alfb 

bends and refiadts the Rays of the Sun> and iH 

the Stars which fall on it, ind changes their Cfc 

reftions by propagating the Light in other Linei] 

making tiic apparent Places of the Stars differeat 

from [hL'ir true Places. 

Bv manifold Experiments, we. find that the 
Rays of a luminous Body, even of any vilible Oh- 
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, when they fali upon a Med'mm or Diaphanous Lefture 

'tAy, as Air or Wacer, of a different Denficy from XX. 

K from whence they firft proceeded ; do not af- sy-^-^J 
terwards go diredly in the fame ftrait Lines, but 
are broken or bended, and propagated as if they 
had proceeded from another Point than chey really 
did- And if the Medium on which the Rays fait be 
decler than the firft, they are bent towards a Line 
perpendicular to that Surface whereon they fall, at 
the Point of Incidence ; but if it be a Rarer Me- 
dium-, in their bending they recede from the Per- 
pcndicular- 

We obferve in Nature many EfFeifts of Refrac- 
tion. A SiafF, whofe one Part is immerged in Wa- 
ter and the other in the Air, appears broken; and 
that Part which is in Water appears higher than ic 
really is, Alt the Stars by Refradtion appear higher 
or nearer to our Vertex than they would be, were 
there no Air \ fo that the Light might arrive to us 
without Refradion. 

Let ZV be a Quadrant of a Vertical Circle in ?!»« XIX, 
the Heavens, dercribed from the Center of the Earth '''■ ^ 
Ti under which is A B, a Quadrant of a Circle on 
the Surface of the Earth, and GH a Quadrant on 
the Surface of the jitjnofphere : And let S be any 
Star from which proceeds the Beam of Light S E, 
falling on the Surface of the Air in E. Now, fincc 
this Ray comes from the Etherial Air much rarer 
than ours, or rather from a perfeift Void, and fails 
on our AtTnoffhere, which is denfe in Comparifon 
of it i in E it will be refraflcd towards the Perpen- 
dicular: And becaufe the upper Air is rarer than 
that which is nearer the Earili, and grows ftill denfet 
the nearer it is to u;, this Ray of Light, as it pro- 
ceeds, will conftandy be rcfraiSed and bended; fo 
that ic will arrive at our Eye in the curve Line E A : 
Suppofe the right Line A F to touch this Circle in 
A ; according to the Direction AFj the Ray of 
Light will enter the Eye at A. And becaufe all 
Objeifis arc feen in tin; Line according to whofe 
Diredion the Rays enter the Eye, and ittike upon 
R the 
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Lcflurc the StnComwi-^ the Objed will appear in ihe Linff 
XX. A F, inat if, in the Heavens at Q_^; which is ncster 
1^^"%^ to our Vertex than the Star really is. And it miy 
even happen, that a Star which is below the Hon- 
B) Kefrac- jjon may be feen above it. This Rcfradtion is alfo 
upanE- [he Caure why the two great Luminaries the Sun 
mmmly an<l Moon, when one of them is above the Hori- 
i(/(fiT •ubro ion and the orher below it, both may appear above 
Af «i,»rf.r [jie Horizon; fo that the Moon has been obferved 
I jrjiM, g(-];p|-^j^ when (he was below the Horizon and the 

Sun above it. 
WhtrttU A Star in the Vertex or Zenith has no Refrac- 
Kifraffim zioa, for a perpendicular Ray goes ftrait on^ but 
vfi^t'itt' '^^ raore obliquely the Ray falls upon the Surface 
iufl. of the Air, fo much the greater is the Refradion; 

Ej [hat the horizontal Relradion is the greateft of 
all. And a Star that is above 50 D^rees high bis 
MiiirSiankircely a fenfible Refraflion. In equal /^Itirades 
^™a/ ff,e RefraSions arc equal : And therefore the SiiHi 
bawraaa! ^^oon, and fixed Stars, at the fame apparent Heighr, 
Sffrriiivn. have all the fame Degree of Refradion; though the 
noble Tfche Brake, the Reftorer of Aflronowy, and 
firft Obfcrver of Refrai5lion^, thought oihcrwiie. 
Hence, if the RefraiSions of the fixed Stars are 
Known, we fJiaJl know likewifc the Refraftions of 
the Sun, Moon, and Planets : And it is eafier to find 
by Obfervarion the Refraflion of a fixed Star than 
that of the Sun and Moon ; For the Parallaxes of 
thefe Bodies noc beino exadly known, theObfem- 
tions about their Rcfraftions will be doubtful; but 
the fixed Stars having no Parallax, all the Diflerence 
between their true and obferved Places is wholl)' 
owing fo Rcfradtion. 
The MiikJ Those fixed Stars, that rife higher above the Ho- 
ffjifi'vhg rizon than 50 Degrees, have their Declinations, tiglii 
'^ ■''"' Afcenfions, Longitudes and Latitudes accurately 
enough known ; for in fo great an Alricudc* the Rf 
Plite xrx, fr'i'^i''" is "'^^^ to nothing. Now thefe being knowiVi 
Fig. 5, ' we find the RefraiSions near the Horiaon by il* 
following Method. Let O P Z H be the Merito 
H O the Horiion, M Q. the ^Equator, P the Pol«» 
and 
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khd the Vertex Z. Let A be a Star whofe Refrac- LefluTe 
Hon is CO be found, and lee Z D be a verticil Circle XX, 
^Quig thro' the Star, whore apparent Place fuppofe ^'V^ 
ID be C ; the Arch A C is the Refraaion. Let the 

S parent Diftancc of the Star from the Verfex be 
fcired, that is the Arch Z C ; And at the Time 
of the Obfcrvation take the Altitude of another Star^ 
Which is fo high that it is not liable to Refraftion, 
irith which find out the Moment of Time the Ob- 
ervation was made ; which may alfo be known by 
V good Pendulum Clock : By this Time, and the 
;tthc Afcenfion of the Sun, we fhall find the Point 
»f the ,^qua:or, which then culminates, or is in the 
Mendian, that is, the Point M. But we have alfo 
the right Afcenfion of the Star^ that is, the Point B, 
vAxK the Circle of Declination, paQing thro' the 
Star, meets the jEquaior ; and confequently, the 
Arch & B will be known ; which is the Meafure of 
the Angle Z P A. Therefore, in the fphevical Tri- 
angle Z P A, having Z P, ihe Diftancc of the Pole 
kfrom the Vertex, and PA, the Complement of the 
$tar'& Declination, as alfo the Angle Z P A, wc find 
MC by Trigmomciry the Side Z A, the true Di- 
JHnce of the Star from the Vertex ; from which 
fliblb-ad Z C, the apparent Diftancc known by the 
Obfervation, and there will remain A C, the Refrac- 
tion of the Star, which was to be fouod. 

The Refradion may likewife be found by ob- jimttei- 
iCrving the Azimuth of a Star, or the Arch of the ^*''^^ 
Horizon between the Meridian and the Vertical ^"^^^j^^_ 
Circle palling through the Star, that is, the Arch 
*50 i for that Arch mcafures the Angle PZA, 
totnwhich, and the Sides PZ, PA, we may find 
S A, the true Diftance of the Star from che VerceK; 
P'rom which fubftrad ZC, the obferved Diftance, 
__ i we ftiall have C A, the RcfraiStion required. 

The Azimuth of any Star is beft obferved, by in ni:t!«>j 
Irawing on the Plane of the Horizon the Meridian «/" s*/™''"^ 
Line A E ; upon which, ered the Perpendicular CA i^^/^™'* 
Vhich is ealily perform'd by a Line and a Plummet : ^igt^ ^uc. 
Vhen cake another Thread with a Weight, as B D. Fig. 6- 
R » and 
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Lcifture and hang it fo that the Body of the Star may be co- 
XX. vercd by the two Threads C A, D B) and then the 
V^-^^"^ Star will be in the PUoc ol a Venical Circle, in 
which Plane the Threads do likcwife ftand: MaA 
then the Point B in the Plane of the Horixon, and 
in the Meridian Line, the Point A, upon which is 
crefied the Thread A C : And taking in the Meri- 
dian Line any Point E, draw A B, BE; then, by 
the Help of a Scale of equal Parts, meafitre the three 
Sides of the Triangle B A E, from which by Trigt- 
tiemetry we Oiall find the Angle B A E, which is the 
Aiimiuh that was to be foLind. 

From Refradtion, the Reafon is plain why the 
Sun and Moon near the Horizon appear of an ovaJ 
Figure; for their inferior Limbs are more refraded) 
and raifcd higher than the fuperior Limbs are; mi 
thetcfore, thcfe two Limbs will Teem nearer to each 
other, and the Breadth of the Bodies coniraifi«l, 
while both Ends of the horiiontal Diameter being 
equally refraifte.! and raifed, keep tiie fame Dlftince 
from one another, and its apparent Magnitude re- 
mains the fame. 
nixK ibe The Rays of the Sun, when he is in or nearlbt 
^« 11 in (f« Horizon, pift thorough a larger Body of Air, th«i 
SayTLjl' *li^n he is near the Vertex. For let A B D be the 
ibonagba Earth, ECF the Orb of Air which furrounds i'' 
^aspaci whof.; Altitude is commonly reckon'd to be ^^ 
w*w& y." '^''^- Let C A be an horizontal Ray, E A a vct' 
i« tbt ze- t'cal Ray : It is manifeft that C A is longer thai* 
■;'*■ E A ; and the Proporrion of thefe Lines may be ihu^ 

fJ;" J'"'' found out- Suppofe the Semldiametcr of the Eartr* 
in round Numbers to be 4000 Mite, and E A ^o^ 
then is TE=CT 40^0, whofe Square is equal ta^ 
the Squares of C A and A T : And ihereforc, i( fron^ 
the Square of C T we take away the Square of T A^ 
there will remain the Square C A ; that is, tf from - 
16401^00 wefubltraft Kjoooooq, there will remain 
402^00, which is the Square of CA, whofe Root 
is 6^4 : And therefore C A : A E : : 6j4 ; 50, which' 
is greater than the Proportion of 12 to i. " ^^ 
we fee the Rfalbn why wJthout hurting < 
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re can look upon die Sun at rifing and Tetiing : Lefture 
Jut in ihe Meridian he h nor to be looked upon, XXI. 
rithouc the Danger of hurting our Sight. For the ■ 
iUys of the Sun in the Horizon penetrating To large 
I'Body of Air, hit againft an infiniie Number of 
Articles fwimtning in it; and being reflefted or 
Ibforbed, the Force of the Light is ihereby much 
►eakned Since therefore Light is fo much wcakned 
pafTing through fo Tma]! a Space as our Atmo- 
JAfre; if this Almeffhre were fo lai^e as to reach 
Ric Moon, and were of the fame Denfity, neither 
Run, Moon, nor Stars could then be feea. 



LECTURE XXr. 
Of the 'Parallaxes of the STARS. 



iNCE all the apparent diurnal Motions 
arc performed uniformly round the 
Axis of the Earth, and nor round the 
Place of the Speftator, who lives 
upon the Earth s Surface ; he who 
obferves the Motion of the Stars 
from thisSurface,muft find, that they appear to move 
with a Motion ih,ic is not equal. For, if a Body by 
its Motion defcribes equally the Periphery of a Cir- 
cle, ihe Equality of Motion can be feen from no 
other Points than thofe in the Axis of this Circle. 
And therefore any S/ar or Vh^nomenonj feen from 
the Center of the Earth, will appear in a diSerenc 
Place from what it does when obferved from the 
Surface; and this Diflercnce of Place of the fame 
Star, feen from the Earth's Center and viewed from 
its Surface, is called the Parallax of that Star. 

R 3 Let 
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Let a B be a Quadrant of a great Circle on tho 
Earth's Surface, where A is the Place of the Speda- 
tor, and the Point V in the Heavens his Vertex oi 
Fkte XX. Zenith. Let V N H reprefent the Starry Finna- 
^** '• mcnt, the Line A D the fcnfiblc Horizon, in which 
fuppofe the Star C to be feen, whofe Diftance from 
the Center of the Earth is T C. If this Stsr woe 
obferved from the Center T, it would appear in die 
Firmament in E, and elevated above the Horizon 
by the Arch DE. This Point E is called the true 
Place of the Tb^enomenon or Star : But an Obfervef> 
viewing it from the Surface of the Earth at A, wll 
obferve its Place in the Horizon at D, which is 
called the vifible or apparent Place of the Star: 
And the Arch D E, the Diftance between the true 
and vifible Place, is named the Tarallax of ibi 
Star. 

If the Star rife higher above the Horizon to M, 
its true Place vilible from the Center is P ^ but its j 
vifible Place from the Surface isN ^ and its Parallax 
is the Arch PN, which is lefs than the Arch DE. 
And thereforc/the horizontal Parallax is greateft of 
all Parallaxes ; and ihe higher the Star rifes, thclds 
is its Parallax : And if it (hould come to the VertcXj 
it would have no Parallax at all. For when it is in 
Q^ 5 it is feen borh from T and A in the {ante Liw 
T A V i and there is no Difference between its true 
and vifible Place. The further a Star is 0XBS. 
from the Earth, fo much the lefs is its Parallax : So 
the Parallax of the Star F is G D, which is Icls than 
the Parallax of the nearer Star C. Hence it is 
plain, that the Parallax is the Difference of theDi- 
ftances of a Star from the Vertex, when feen from 
the Center, and from the Surface of the Earth. For 
the true Diftance of the Star M from the Vertex is 
the Arch V P ,• but when obferved from Ay its vifi- 
ble Diftance is V N. 

These Diftances are meafured by the Angles 
VTM and VAM, contained between the Line 
VT drawn to the Vertex, and the Right Lines 
T M and A M, drawn from the Center and tbe 

Surface 
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Surface of the Earth to the Star M: But [he diffe- Ledure 
rence of theie two Angles is T M A. For the ester- XXL 
ternal Angle V A M is equal to the two inward and l^V"^ 
oppolire Angle; ATM and AMI': And ihereforr, 
AT M is the Difference of the two Angles V A M 
«fid ATM or_VTM. This Atigle AMT does 
therefore meafu're the ParaUax; and, upon that Ac- 
^WK^ itfelf is frequently called the Parallax: And 
.this is always the Anple under which the Semidia- 
.ineter of the Earth A T appears to an Eye placed io 
fibe Star : And therefore, where ibis Semidiimeter 
■Is feen diredtly, there the Parallax is t^reateft, that is> 
in the Hori'ion. When the Star rifes higher, the 
F^aQax is diminifhed in the Proportion we tkaSl 
^ew in the following; Theorem. 
■ The Siie of the Paral/ax is to the Sine of the 
Star'* D'^jiavce fratn the Vertex^ in a conflant end 
$roen Vrafortion ; which is, as the Semidiameter ef 
the Earth to the Dijlaace of the Star /row the EarthU 
Center. 

For, by a well known Theorem in Trigonometry, 
in the Triangle ATM, the Sine of the Angle A M T 
Is to the Sine of the Angle T A M or V A M, as 
r^T is to T M i ihit i?, in the confliinc Proportion 
i^f the Semidiameter of the Earth to the Star's Di- 
fftmce. And therefore, the Sine of the Parallax in 
Ci it to the Sine of the Parallax in M, as the Sine of 
*Jie Angle V A C is to the Sine of the Angle V A M : 
^^^nd therefore, if the Parallax of a Star be known 
rften it is at any one Diftance froin the Vertex, we 
ran lind its Parallax at any other Diftance from the 
iVcrteit. If any Star or Vhxmmejion be further 
diftant from the Earth than 15000 Semidia meters of 
the Earth, its Parallax will be fo fmall, that it will 
be infenlible, and cannot be obferved : For, fince 
TFis to TA asi^ooo to i;and, asTFistoTA, 
fo is the Radius to the Sine of the Angle T FA. 
'Hence we ihall find the Angle TFA lefs than 1+ 
Seconds; which Angle is To fmall, that it canno: be 
obferved by any Inftrument- 

R4 If 
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Lefturc I F we have the Diftance of a Star from the 
XXI. Earth, we can eafily find its Parallax i for, in tbc 
Triangle TAG reftanc^ular at A, having TA, the 
Semicnameter of the Earth, and T C, the Diftance 
of the Star^ the Angle ACT, which is the hori- 
zontal Parallax, is found by Trigonometry : And 
again, if we have this I^rallax, we can find the Di- 
ftance of the Star ; for, in the fame Triangle, having 
AT and the Angle ACT, we may find out the 
Diftance T C. 

If a Star has no proper Motion of its own, its 
true Diftance from any fixed Stary meafured by an 
Arch of a Circle, always remains unchangeably the 
fame : But, if it have a fenfible Parallax, its apparent 
Diftance wi'l b^ thereby changed ; and, if the fixed 
Star be in the fame Vertical with the Fhjtnmen^y 
but higher than ir, the Diftance will appear to grow 
lefs as it xlks higher. If the Star be lower, as they 
aibond, the Diftance will increafe; yet feen from the 
Center, ihcy will appear conftantly to keep the fame 
Diftance from each other : And therefore, the vifible 
Diftances of a Vh^nomenon from a fixed Star which 
is near ir, are not the real, but apparent ones. 
By the Par- Let there be a Thanarr.en^n or Star appearing 
raiiaxes, tbe in the Horizon in C : If it were obferved from ^^ 
^j^*"^'?/'^ Center, it would be feen in ConjunSion with tl^ 
];^„"^%, fixed Star E. But the Spedacor in A will fee ^^ 
mxi fixed in the fime Line with the Star D, and will ^ 
Starts CGH' diftant trom the Star E by the Arch DE. But ^ 

-tialt"'" ^^ "^^^' ^"^^^^ i"^^ ^^y i^ wi^l ^'^* appear, from tl^ 
Center of the Earth, in Conjunction with the fan^^ 
Star E, which then will appear in P. But frof^ 
the Surface of the Earth in A, it will appear in ^^ 
nearer to the Star E than it was when in th^^ 
Horizon,* and therefore, will not appear in Con^^ 
jundlion with the fame Star D, as it did before ^ 
but will be diftant from it by the Arch Ni/, mak-^^ 
ing the Arch Vd equal to ED- Hence it fol^ 
lows, that if any Th^Homcjioft always keeps thc^ 
fame Pofition in refpedt of the fixed Stars^ an^ 
changes not its arcual Dillances from them, it h 

n 
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no fenfibte Parallax. But even likewifcj if its Di- Leflure 
ftance from the Stars be changed, yet if [hat XXI. 
Change be only fo much as arifes from its proper \,^y/—J 
Morion, in ihac Cafe hkewifcj ic will have no icn- 
fible Parallax. But if any Phtenomenon departs 
further from a fixed Star, or comes nearer Co it, 
than what ic would do by ics proper Motion, this 
Difference of Accefe or Recefs is the EfFctS of a 
Parallax. 

The Parallax of a Star in a verrical Circle 
:hanges its Place, in regard to the other Circles of 
the Sphere; and makes ics vifible Longitude, La- 
titude and Right- Afcen Hon, to be different from 
the true ones, which are feen from the Center : 
And from hence arife four other Kinds of Paral- 
laxes. 

E T H O be the Horizon, whofi.' Pole is V, Pbic XX. 
EQ. the Ecliptick, and its Pole P, V A a vertical F'fr *• 
Circle paffing thro' the Star, whofe true Place is 
C, bm apparent Place Dj in the fame Vertical but 
nearer co the Horizon ; fo that the Parallax of Al- 
titude is DC. Thro' the Pole of the Eclipciclc 
and che Scar, draw the Circle of Lacicude P CG, 
anclG will be the true Phce of che Star reduced 

'to the Ecliptick. But a Circle of Latitude, [hro'^« Paml- 
the apparent Place D, will meet with the Ecliptick'''].^^^^^" 

► in H, which will be the vifible or apparent Place^' 

' of the Scar in the Ecliptick : The Arch of che 
Ecliprick G H, intercepted between the two Qr- 

, clcs of Latitude paiSng ibro' the true and apparent 
Place, is called the Parallax of Longitude, and CN 

' the Parallax of Lacicude. 

[f the Star be in the vertical Circle, which cues 
the Ecliptick in the 90th Degree from the Ho- 
rizon i I. e. in that Veriica! which cuts the Ec- 
liptick at Right-Angles ; as for Example ; in the 
Point c of the Circle V E, the Parallax of Longi- 

, lude will be nothing. For, becaufe the vertical 

■Circle VE, is in [his Cafe, perpendicular to the 

Ecliptick, it will pafs thro' its Poles, and will be 

the fame Circle of Latitude in which is [he true 

l-apparenc Place of the Siarj and bo[h there 

Places ^m 
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LeSure Places reduced to the Edrptick will coincide g 
XX!. the Time Point : And here the Parallax of Lad 

L/S^^Vtude will be the fame with the Parallax of Al 

7** fy'': tirude. 

to^./i-<"- y„^ Eaftern Quadrant of the Ecliptick is chab 
which lies between thepoih Dc-grce, and the Pofa 
of it that rifes : The Wcftern Quadrant lies be 
tween the goth Degree, and the fetring Point ihcrS 
of. A Star, ihat is in the Eaftern Quadrant, has ftft 
apparent Lcngitade greater than its true Longicudej 
for, while theSf*r riles, the Parallax depreflesii to 
wards the Eajf. So in the F.^. the vitible Place <3 
the Star in [he Eciiptick is the Point H, which i 
more Eafterly than the true Place G : But if ti 
Star be in the Wcftern Qijadranr, its vifible Lo( 
gitude is lefs than the trije, becaulc the ParaUaii 
thrufts it Wcftward. 

Let ihe Circle E Q^, which before reprefrawt' 
the Eclwick, be now in the Place of the Smi^ 
tor, and P its Pole, P V H the Meridian, VC A l' 
vertical Circle pafling through the Star ; in whicS 
let C be its true Place, and D its apparent- PCGi' 
P D H Secondaries of the j^qiiator or Circles rf 
Declination palling through the true and appareiff , 
Places of The5(dr, meeting with the Equator in G 
. and H. The Point G fhews the true right Afccti* 
lionof the Star^ H ifs apparent, and the CKftincd 
GH is called the Parallax of Right-Arccnfiwi? 
The true Declination of the Star is G C, and it* 
vifible is H D, and their Difference NC b th« 
ParallaK of Declination. If a Siar be to ihe£^ 
of the Meridian, the vifible Righi-Alcerdion 1 
greater than the true ; if to the H'ffi of it, it i 
Icfs; And when the Stjr culminates, the I^ralls 
of Right-Afcenfion is norhirg ; bccaufe the &tn 
Circle of Declination docs there pafs through botH 
the Apparent and true Place. 

The Apronmiers have invcnred (everal Mft 
thods for finding the Parallaxes of Sfiirt^ that from 
(hence their Diltances from the Earth may hi 
known ; for if we knew this, we could mafei 
fomc Eftimate of the Lai^eiieli and Amplitude « 
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fte UDiverfe. Lee us now give fome of the Me- Le(%re 
thods which the A^ranomers have contrived for Jf^I. 
Searching out the Parallaxes. *x"v^ 

First, obferve die Star, when it is in the'^ /"V* 
^tne vertical Circle with two oiher fixed Stars fj^f^p^. 
LecVB be the vertical Circle, in which are fL-ena;/„, 
die fixed Stan C and D, and the Phaionicoa or 
Jftfr S, whofe apparent Place will be likewife inphte xx. 
the fanne Vertical, which iuppofe to be E; and if Fig. $. 
ihe Star have no proper Motion of its own, it will 
conftantly be in the fame Line with the two Start, 
After fome Time, again obferve the Polition of the 
Pkienomenofi with the fame Slarsy when it is noi in 
g vertical Circle with them, but rather in a Cir- 
cle parallel to the Horizon i i. f. Suppofc the 
fixed Stars in e and ii, and lee the vilible Place 
of the Star be e:, but its true Place is in the Lino 
f J, which joins the two Fixed. It is alfo in (he 
Vertical V e ; and theiefore, it muft be in the Point 
where thefe Lines cut one anotlier ; that i'j in S. 
Obferve the DilUnces of the fixed Stars d and f, 
and of the Star e from the Vertex V : Meafuie 
likewife with an Inftrumeni: the Arches de, ce 
»nd de : And, hecaufc e is the apparent Place of the 
Star, and S its true Place, the Arch eS is its Paral- 
lax. In the Triangle dV e we h.ive all the Sides; 
wherefore, we can find the Angle V dc. Agiinj in 
the Triangle W de, we have all the Sides; there- 
fore, we can find the Angle d'^ e. Laftly, In the 
Triangle i/VS we have the Sides dV^ and the 
Angles dV S and V i^ S, which we found before ; 
therefore, we can find the Side V S i which being 
^iibftraited from Ye, known by Oblervanon, 
kives S e for the Paralk;;, which was to be found 
out. 

The Parallax of a Star may be likewife eafilv ^ ■J™'^ 
found this Way. Obferve when the Thanomtntm i.'i^f^x. 
in any Ver;ica! with a fixed Star which is ne.irpjg, ^ 
it, and then meafure its apparent Diftance from 
this Star : Then obferve again, when the Fh^no- 
mejmn and fixed Star sre in equal Altitudes from 
the Horizon; and Jieii agiin, tosafure their Di- 
flance. 
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Lc£ture ftancc. The DiiFercnce of thdc Diftances wi 1 
XX[. be very near the Parallax of theSfjr. For let HO J 
^ be ilic Horizon, V the Vertex, V E a vertical Qt* 
clc paffing through ihtStar in E, and the lixedSM 
in D- Lee the true Place of the Phamommo* b 
S, fo that S E is the Paraliax of Altitude, 
Diifererice of the Star's and the Ph^m 
Height is, in this Cafe, their vifible Diftance, After 
wards, obfctve when the Star and the PhamMuim. 
come to be equally diftant from the Horizon, 
then meafure their Diftance by an Inilrunacnt i 
This vifible Diftance is nearly equal to their ti 
Diftance. For let the true Place of the Fhtnom- 
Mn be s; the Parallax ff]s very fmall in compart^, 
fon of the Arch V t : And therefore <// and Je wi^' 
be very near equal j for if the Parallax f e were i . 
whole Degree, yet even then li s and de wouli 
not differ above one Minute : Therefore the Di^ 
ftance d c being meafured, we (liall have their trs^ 
Diftance df or DS, which is greater than DEj 
And if from D S we I'ubftradl D E, known ^ 
the firft Obfcrvation, there will remain S E, dw 
parallax, which was to be found. 
7I( iliri The Parallax of a Fhanotnenox may llkewift 
Mtiltd. be obtained by an Obfcrvation of its Azimuih aw 
Altitude, and by marking! the Time between A 
Obfcrvation anti its Arrival at the Meridian, t 
Plit-: XX. H V PC be the Meridian, V the Vertex, P ^ 
Fie- 5. Pole, tlO the Horizon, and V B a verticil C 
cie pafling thro' the true and apparent Place; thi 
which draw alfo Circles of Decltmtion P S C 
P£. The Afch of the Horiznn BO is tiie At 
muth of the Star-, which mull be obferved, 
(be Manner we ftiewcd in our laft LtHtire. OB 
fervc likewife the Arch V E, the Diftance of it) 
TbanomfnoTi from the Vertex, and mark the M< 
ment of Time when ihef; Obfetvations a 
Then fiay till the Fhaname-Mit or Star comes 1 
the Meridian, and note the Moment of i-s An 
vai there; which may be either done by a PentI 
lum Clock, or by an Obiervation of a Star, 
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the Diftance of the Time between the firft Obfer- Leflure 
iration and the fecond of the Siar'i being in (he XX[. 
Meridian, be converted into Degrees and Minutes K.^^'Sj 
■of the j^quator, and we fhall have the Arch & Cj 
which meafurcs the Angle VPS. Therefore, in 
the Triangle V P S, we have the Side V P, the Di- 
ftance of the Vertex from the Pole, and the Angles 
P VS and VPS; whereby we can find the Arch 
VS, the trueDiftance of tha PkieuBmenon from the 
Vertex ; This being fubftraifted from the obferved 
Diftance VE, there will remain the Parallax SE, 
which was to be found. 

It is here to be noted, that to reduce the 
Time into Degrees and Minutes of the ytquator, 
ihe Time muft be firlt reduced into Hours and 
Minutes of the Frimum Mobile, or to the Time 
of the Revolution of the Heavens, which Hours 
are foroewhat fhorter than the Solar Hours; Or 
if you keep the Solar Hours, you mull reckon for 
each of them 17 Degrees, 2 Minutes, 27 Seconds, 
and jt Thirds: And fo proportion ably for the 
reft of the Particles of Time. 

Suppose HO an Arch of the Horixon, AM^ Fm«* 
the Meridian, in which P is the Pole, and V the"^"*^- 
Vertex of the Place. Suppofe E the apparent 
Place of the Star ; before the Sfar comes to thePiat= xx. 
Meridian, obferve the Arch VE, its Diftance from*''^ *- 
the Vertex, and its Azimuth E V M : Let the true 
Place of the Siar be S, its Parallax is SE : Mark 
tbe Time of the Obfervation. Again, after the 
Star ha5 paffed the Meridian, obferve when it is 
cxadly at the fame Diilances from the Vertex, fo 
that V e may be equal to V E : And here, lince 
. the vifible Diftances of the Star from the Vertex; 
are equal, the real Diftances will be likewife 
equal, i. f.VS=Vs. Take the Time between 
the firft and fecond Obfervation, and turn it into 
D^ees and Minutes of the /Equator, and we fhall 
have the Angle SP/, the Half of which is tbe 
Angle SPV. Therefore, in the Triangle SVP, 
we iMve the Angle SPV, and the Angle SVP, 
which is the Cotnfletncnr of the Azfniucli to two 
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Ltdurc Right-Angles; alfo the Side V P, the Diftance 
XXI. the I'ole and Vertex ^ from thcra we fhill km 
I* V S, the true Diftancc ot the Star from the V 
tex; which being fubftraded from VE, leaves SE 
for the Parallax 

Tht Tifib These Pradices depend upon Obrervatiom 

Muini. of the Azimuths; but wirhour obferving them 
the Parallax miy be known, by finding out the 
apparent and true Righi-Afcenfionsi and from 
thetr, by Calculatio^j finding the Azimuth ; For tiy 
obferwine the Dillance of a PhienomenoH from two 
known fived Stars, wc can compure its apparent 
Right- Afccntion, according to the Method e%- 
[^aincd in Leiture XIX: Then again, when the 
Star comes to the Mt-ridian, by the fame Method 
find IIS Right-Aicenlion ; which is the true Righ^ 
Afcenlion, or liie Point where the Circle of Dc 
clinailon, palTm» through the ti\ie Place of rheW«fV 
cuts the /^(ju.uor. Knowing then the appsrefll 

Pl2M XXI-Rieht-Afccnlion of the Star in the Veriical VfiJ 
'*■ '' ana ihe Point of the i^guator which at the fan* 
Time culminates, we ihalt likewife kiK>w tl 
Angle VPE: Therefore, in the Triangle V P. 
hiving the Side.^ V P, V E, and the Angle VP: ^ 
We can find the Angle P V E, which detcrmioa, 
rhe Azimuth. But having the true Righr-Afcdd 
fion of ihe Star as wa^ obferved in the MerkliMS 
and the Point of the j^ijuator culminating at tW 
firft Obfcrvaibn, the Diitance between them t^ 
give us the Angle VPS. Therefore, in the T* 
angle VPS, having the two Angles V P S and S V Rf 
as alfo the Side V P, we can find the Side V S, *l 
real Diftance of the Star from die Vertex; whid 
fubftrafted from VE> leaves SE, theParallaXj whid 
was to be found. 

I N deicrmining the Rigbi-Arcendons of tft 
Stars, we arc not to rely too much, in fo nice fl 
Affair as the Parallax is, on a Pendulum Clock lii 
determining the Time ,■ for there the Error of oS 
Second in numbering being made, will produce i 
Error of Right-Afcenfion of ly Seconds. 

Fo 
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For, to obferve the Right- Afcenfion of a Star, Le<flurc 
^cre is no need of ftaying till it come ro a Me- XXf. 
lidiarl; but it is more eafily and certainly had ^y\y\**i 

Kwo Obfervations, one made in the Eaftern Qua- 
Irantj and the other in the Weftern Side of the 
.Heavens ; but both muft be, made when the Slat is 
the feme Height above the Horiion: For if we 
Ire the Diftance of the Fb^vomeuon from two 
lown fixed Start, when ic is in the Eaftern Re- 
srij we (hall by that Means find its apparent Right- 
tenfionj which is greater than the true, becaufe 
e Parallax deprefles a Star more Eaftern. Again, 
When the Star dcfcends on the Weftern Side, and 
fcomes to the fame Height, let its Diftance be like- 
wife obferved from two fixed Stars, and get from 
Ihetn its apparent Right-Afcenfion, which i'; juft 
■s much Icfs than the true, as the former exceeded 
it- And therefore, if the Differences between the 
two apparent Rlght-Afcenfions be halfed, and this 
"HaJf be added to the leaft or fubftrafted from the 
■grcatcft, we ftiall have the true Right Afcenlion, 
or the Point in the ^Equator where it incets 
with the Circle of Declination pafTing through the 
itar, chat is, the Point C. But from the Time ofTabie XX. 
ihe Obfcrvation, we have the Pob; of the ^qua-Fig. 5. 
tor which culminated at that Moment; and con- 
fequenily, we have the Arch M Cj and the Angle 
jE PC meafured by it; Therefore, in the Triangle 
V PS, having the Side V P, and the Angles V PS 
4nd P V S, we can find the Side V S, the true Di- 
ftance of the Fhumoi'/enoii from the Vertex ; which 
fubdudted from ihc apparent Dtftance, there will 
remain SE, the Parallax required. 

The eafieftand belt Way of findijig the Par-Tif sutk 
allax of Right Afcenfion is by a Tclefcope, in a*"^- 
whofe Focus arc four Threads, crolling one another 
at half Right-Angles, as we (hewed in our X[Xth 
LeSuri. Directing this Telefcope 10 the Star, Tabls xxi. 
turn it conftanily round, till its apparent diurnal ^'e- *■ 
Motion appear to be along the Thread AB; in 
which Poiition, the Thread will reprcfcnt a Por- 
lioa of the Parallel which the PkiCTumenoH de- 
fcribes ; 
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Leflure fcribes ; and the Thread C D, cutting ii at Rigl» 
XXI. Angles will reprercnt n Horary Circle. Obfenj 
WyN.^ therefore the Time when the Ph^noimnoit is feti 
in the Horary Circle. The Tclefcope remaininj, 
thus fixed and unmoved, obferve the Time whw 
any other Star, whofe Rjght-Afcenfion is knowuy 
comes to the fame Horary Circle : The Dift-aicc ol 
Time between the Appulfe of the PhienomenoM tat 
the Horary Circle, and of (he fixed Star to the 
fame Circle, being turned into Degrees and Mi- 
nutes of the j5i<juaror, will (hew the Difference of 
Right- Afcenfions of the Star and the fhxnmnensn. 
Again, when the Star comes to the Meridian ob- 
ferve it with the Te!cfcope,and by the fame Method 
find out its Right-Afircnfionj which will be tbetruci 
onejand by it we fiiall have ihePointof the jEqui- 
tor, where the Circle of Declination, pjfling thro' 
the true Place of the Star, does cut the ^Equator.,' 
Having therefore the true Right-Afcenfion and ths- 
apparenl, we have their Difference) or iheParallai! 
of Right- Afcenlion, And bccaufe we havethe ap- 
parent Right-Afcenfion and the Point of thc^ui-. 
tor then culminating, we have the Arch of the 
vtcjuaior, intercepted between themj which is the ■ 
T.bl= XXI. Meafure of the Angle VPE. Therefore, in theTri- 
*■'£■ ■■ angle V P E, we have the Sides VP, P E, and the Ait- 
gle VPE, whence we find the Angle P V E. From 
the Angle VPE take the Angle S P E, the Parallax of 
Rigbt-Arcenrion,and we (hall have the AngleV PS, 
Laftlv, In the Triangle V P Sj having the Angla 
VPS and PVS, together with the Side VP, wt 
can from them find the Side VS, the true DiJlance 
of the Star from the Vertex; which being fub- 
dufted from the apparent Diltance, leaves the Pat- 
aliax that was to be found. 
Tit MnUi I F the Y-h^nomenon have a proper Mofioo of 
'f/^°s its own, its Right- Afcenlion will conftantty t * 
^"'^^" changed by this Motion, unlefs it ihould happe 
snr bai a to movG 10 fome Circle of Declination : An 
/f-y"- •'!*>- therefore, Care muft be taken to determine ih^ 
wM^^i/i Change of Right-Afcenfion, that arifes by thft 
Motion of the Star ; which is done, by obfcrving ■ 
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_— right Arcenfion of rhe Star, when it is in the Leihire 
Meridian i and the next Day, lee its right Afcenfion XXI. 
be in the fame Manner oblcrved. The Difference ^"'V'^ 
of thefe right Afcenfions will iliew the Change that 
the right Afcenfion has, for the Time between the 
two Obfervations : And from them we can find the 
Ihange of right Afcenfion, or the Motion of the 
tbammenan along the ^Equator in a Day : From 
tfiis diurnal Motion we can find by proportionii^ 
' e Motion for any given Time, For Example, If 

e diurnal Motion according to the ^Equator be 
go Min. that is, fuppofe the Phanememn advanced 
iccording to the jEquaior every Day 30 Minutes; 
md fuppofe the Time between the Obfcrvation on 

: Eaftern Side of the Heaven, and that in the 

eridian be fix Hours, the Motion according to 
iflic Equator in that Time is yi Minutes; let the 
Di£^ence of right Afcenfion, obferved in the Ver- 
ical and in the Meridian, be 20 Minutes, feven and 
^i half of thofe Minutes are owing to the proper 
IMotioD of the Body ; wherefore, the Parallax of right 
Afcenfion is izt Minutes. 

After, the fame Manner by the apparent and 
jseal Longitude of a Fhatiomenon, the Parallaxes may 
be inveftigatcd. The apparent Longitude is found, 
by obfcrving the Diftance of a Fhisnomenon from 
two fixed Stars, whofe Longitudes and Latitudes are 
known. And the true Longitude is had, by making 
flic fame Obfervations, when the Star is in the poth 
I5egree of the Ecliptick, where the apparent and 
true Longitudes coincide. 

By thefe, and the like Methods, if any FAiPwo- 
tmenon has a Parallax not lefs than one Minute, it 
may be found out. In the Moon we find the Pa- 
rallax very confiderable, which in rhe Horizon 
amounts to about a Degree or more. But there are 
fbme particular Methods, only applicable to the 
Moon, by which its Parallax is known. 

In an Eclipfe of the Moon, obferve when both .<* AJuhij 
its Horns are in the fame vertical Circle, and^^^"^'^ 
ihen in that Moment take the Altitudes of hoih"^il„ ^f,'^ 
S Horns iJHms. 
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Lcfture Horns : The Difference of thefe two Altitudes be- 
XXI. ing halted and added to the leaft, or fubftraded 
^/■y^ from the greateft, does give nearly the vifible Aid- 
rude of the Moon's Center: But the true Altitude is 
nearly equal to the Altitude of the Center of the 
Shadow at that Time. Now we know the Aldtudc 
of the Center of the Shadow, becaufe we know the 
Place of the Sun in the Ecliptick, and its Depreffioif 
under the Horizon, which is egual to the Altitude 
of the oppofite Point of the Ecliptick, in which is 
the Center of the Shadow. And therefore we have 
the true Altitude of the Moon, and the apparent 
Altitude, whofe Difference is the Parallax, which 
will therefore be known. 
'^^^M °*^ ^^ ^^^ Diftance of the Moon grows lels, accord* 
^ParaiUxls ing ^ it Tccedcs from its -^^(7^4^«7», her Parallax muft 
^ ' in the fame Proportion be encreafed conf^andy, the 
nearer fhe cotnes to us. Therefore the Arrifb make 
Tables, which (hew the horizontal Parallax for every 
Degree of its Anomaly. 

The Methods we have given for finding the Pa- 
rallaxes, fhew, that the Moon has a great Paralta, 
and is very near us j but none of them is fuflBcient for 
finding out the Parallax of the Sun : For tbat is fo 
fmall, that the Obfcrvations requifite cannot be made 
accurately enough for to determine it j for an Error 
in obfcrving can fcarely be avoided, which is not 
equal or greater than the Sun's Parallax. Thisd^ 
fe6t of Obfcrvations put the antient jfftronomers on 
the Search of other Methods peculiar to the Sutij 
for finding out its Parallax : But even thofe Methods7 
though they make manifefl the Acutenefs and Saga- 
city of the Anticnts, yet are not fufKcient in fo nice 
and fubtlc a Difquilition. However, they are ufcfiil 
to fliew, that the Diflance of the Sun from the Earth 
is very great in Comparifon of the Moon's Diflance 
from the fame : And therefore it will not be unfit- 
ting to explain them in this Place. 
Hippar- The firft Method was invented by HipparclmSy 

chus'j Me- and has been made ufe of by Vtolemy and his Fol- 
%^r{lhxlf ^^^"^^^^'j ^"^ many other Afironomers. It depends 
the suu. . on 
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on an Obfervacion of an Eclipfe of the Moon: And Lefture 
the Principles on which it is founded arc, Firft, In XXI. 
a Lunar Eclipfe the horizontal Parallax of the Sun V.^v^. 
is equal to the Difference between the apparent Se- 
midiameter of the Sun, and half the Angle of the 
Conical Shadow ; which is eafily made out in this 
Manner, Let the Circle AFG reprcfenc the Sun, Plate xxi, 
and D H E the Earth ; let D H M be [he Shadow, J^^E- J- 
and D M C the half Angle of the Cone. Draw 
from the Center of the Sun the ri^hc Line S D 
touching the Earth, and the Angle D S C is the ap- 
parent Semidiatneter of the Earth, feenfrom the Sun, 
which is equal to the horizontal Parallax of the Sun; 
the Angle ADS is the apparent Semidiameter of 
the Sun, feen from the Earth : The external Angle 
ADS is equal to the two Internals DMS and 
DSM, bv the i2d Frep. Ekm. I. And therefore 
the Angle DSM, or DSC is equal to the DifFe- 
rence of the Angles A D S and D M S. 2^/7, Half 
the Angle of the Cone is equal to the Difference of 
the horizontal Parallax of the Moon, and the apparent 
Semidiameter of the Shadow, feen from the Earth 
at the Diftance of the Moon. For let CDE bepiateXKi. 
the Earth, C M E the Shadow, which at the Di- Fig- 4- 
ilince of the Moon being cut by a Plane, the Sec- 
tion will be the Circle F L H, whofe Semidiameter 
is FG, and is feen from the Center of the Earth 
under the Angle FTG. But by the -^ad Prop. 
£lem- I. the Angle CFT is equal to the two Inter- 
nals FMT and FTM. Wherefore the Angle 
FMT is the Difference of the two Angles CFT 
andGTF: But the Angle CFT is the Angle un- 
der which the Semidiameter of the Earth is feen 
from the Moon, and this is equal to the horizontal 
Parallax of the Moon ; and the Angle G T F is tht: 
apparent Semidiameter of the Shadow feen from the 
Earth's Center. It is therefore evident that the half 
Angle of the Cone is equal to the Difference of the 
horizontal Parallax of the Moon, and the apparenc 
Semidiameter of the Shadow feen from the Earth. 
Wherefore, if to the apparent Semidiameter of the 
S z Sun 
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LcGure Sun there be added the apparent Semidiamewr rf 
XXI- the Shadow, and from the Sum you take away ihe 
J horizontal Parallax of the Moon, there will remim 
the horizontal Parallax of the Sun ; which therefore, 
if thefe were accurately known, would be likewifc 
known accurately : But none of them can be fo a- 
z&.\y and nicely obtained, as to be fufficient for de- 
termining the Parallas of ihc Suni for very fnuU 
Errors, which cannot be eafily avoided in mealiiring 
HinMT- ^^^ Angles, will produce very great Errors in the 
churTAfc. Parallax ; and ihere will be a prodigious DiSnence 
tbaiiiifrfi- in the Diftances of ihc Sun, when drawn from ihde 
mat. Parallaxes. For Example : Suppofc the horizoatat 
Parallax of ihe Moon to be 60' i^", theSemidi' 
ameter of of the Sun i6, and the Semidiameter of 
the Shadow 4+' ■^o" ; we fhouid conclude from 
thence, that the Parallax of the Sun was 15", and 
his DiRance from [he Earth about 13700 SemidH 
ameters of the Earth. But if there be an EnorJ 
committed, in determining theSemidiameter of (hfi 
Shadow, of 12" inDefed, (and certainly theSemi- 
diameter of the Shadow cannot be had (b precifely* 
as not to be liable to fuch an Error) that is, if in- 
ftead of 44' 30" we put ++' 18" for the apparent 
Diameter of the Shadow, all the others remaining a 
before, wc (hall have the Parallax of the Sun j"j 
and its Diftance from the Earth almoft 70000 »• 
midiaraeters of the Earth, which is five Times more 
than what it was by the firft Polititwi. But if tiie 
Fault were in Excefe, or the Diameter of the Sha- 
dow exceeded the true by 12",' fo that we Oioutd 
put in 44' 42", the Parallax would arife to 27", and 
the Diitance of the Sun only 7700 of the Eirth'i i 
Semidiameter ; which is nine times lefs than what ii 
comes to by a like Error in Defed. If an Error in 
Defedt was committed of 15", which is ftill but a 
fmall Miftake, the Sun's Parallax would be equal to 
nothing, and his Diftance infinite. Wherefore, fince 
from fo fmall Miftakes the Parallax and Diftance of 
the Sun vary fo much, it is plain that the Diitance 
of the Sun cannot ;b^ obtained by this Method. 

SiNCS 
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Since therefore ihe Angle thar the Earth's Semi- Leifture 
dtaioeter futitends at the Sun is fo fmall, chat ic can- XXI. 
not be determined by any Obrervation ; ATifiar-\JI>^^, 
-thuf Sammy an ancient and great Fhilofopher and ^"'^^'jj, 
■ ^firoxomer, contrived a very ingenious Way for'^^'J ,^ 
Goding the Angle which the Semidiameter ot theSfln'iOi- 
JSloon's Orbit mbtends, when feen from the Sun J*"""- 
This Angle is about fixty times bigger than the for- 
Bier, fubtended only by the Earths Semidiameter. 
TTo find this Angle, he lays down the following 
Piincipies. 

I N that LeSure where we explained the Fhafes 
■^ the Moon, we (hewed, that if a Plane pailed thro' 
^c Moon's Center, to which the Line joining the 
Sun and Moon's Center was perpendicular, this 
-Hane would divide the illuminated Hemifphere of 
"the Moon from the dark one : And therefore, if this 
Tlane Ihould likewife pafs thro' the Eye of a Spec- 
lator on the Earth, the iMoon would appear bifeaed, 
,«r like a half Circle ; and a right Line, drawn from 
the Earth to the Center of the Moon, would be in 
the Plane of Illumination, and confeqyeoily would 
be perpendicular to the right Line which joins the 
Centers of the Sun and Moon. Let S be the Sun, Table XXL 
and T the Earth, ALj a Quadrant of the Moon's^'6' S- 
'Orbit; and let the Line SL, drawn from the Sun, 
touch the Orbit of the Moon in L ; the Angle T L S 
■will be a right Angle : And therefore, when the Moon 
if feeri in L, it will appear birefled, or juft half a 
-Circle. At the fame Time take the Angle LTS 
(he Elongation of the Moon from the Sun, and then 
we fliall have the Angle L S T its Complement to 
Si right Angle. But we have the Side T L, by 
which we can find the Side ST> the Diflance of 
the Sun from the Earth. 

But the difficult Point is to determine exaflly Ariiht- 
the Moment of Time when the Moon is biredea,'^'^^?^' 
or in its true Dichotomy; for there is a confide-n,n(. 
rable Space of Time both before and after the Di- 
fhotomy, nay, even in the Quadrature, when the 
Moon will appear bifefted, or half a Circle ; fo 
S T, that 



ASTRO NO MIC A L 

L«darc that die exad Moment of Bifc^ion cannot be koowii 
XXI. by Obfervation, as Experience teils us: This can be 

V'V*^ i"l^ made out by the following Reafon. Pjg. 95. in the 
Leiiure concerning ihc Fhajes of ihe Moon, k wm 
demon (trared, that the Diameter of [he Moon w» 
to the Por;ion of 11 illufiratcd by the Sun, and ften 
by US] as the Diameter of a Circle Is to the ytffii 
Shu of the Elongation of the Moon from the&ii^ 
nearly : But flccutately, ic is as the Diamcrer of 1 
Circle to the Verftd Sine of the exterior Angle at 
the Moon, of the Triangle formed by Lines joining 
the Centers of the Sun, Earth, and Moon, as we 
fliewed in the LeHiiTttftig. 163 . concerning the Pbtifit 
oiVtHus. Let U5 fuppofe, intheTimeof tnieDiVw. 
tort) or Bifcdtion, that the Angle LST is 1%', and 
that the Scmidiaraeter of the Lunar Orbit were 60 
Semidiaraeters of the Earth ; the Diftance of the 
Sun would in that Cafe be 15758 of the Earth's 
Se m id ia meters. This being fuppofed, let us ima- 
gine the Moon to be in her Quadrature at f ; that 
is, lee the Angle 5TS be a right Angle, the exte- 
rior Angle of the Triangle jTS at q would be 
9o». 15 , whofe Verfid Sine is etjual to the Radius 
and the right Sine of 15' together : Therefore, as the 
Diameter of a Circle is to the Radius -)- Sine 15'; 
fo is the Diameter of the Moon to that Part of ic 
which is illultrated by the Sun, and feen from the 
Earth. Wherefore, taking half the Antecedents^ 
and by Divifion of Ratio, the Radius will be to 
the right Sine of i^', as is the Scmidiameier of ibe 
Moon to that Excefs, wherewith the illuminated 
Part feen from the Earth is graater than hatf Ac 
Moon's Diameter. Now the Sine of 15' is 436, 
of fuch Parts as the Radius is looooo, and the ap- 
parent Scmidiameter of the Moon is about 15': 
Say therefore, as looooo is to 436, fo is i^' To a 
Fourth, which is lefs than 4"; but this is fo fiBall a 
Quantity, that it is not in the leaft to be perceived 
^ by our Senfes: And therefore the Moon, even in 
the Quadratures, has its Illumination exceeding the 
bifcftcd Illumination by fuch a Quantity as is alto- 
gether 
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f ether imperceptible : But it' the real Diebotomy or LeSure 
ifeflion were m the C^idrarurc, the Diftance of XXI. 
'the Sun would be in Intini(e; tor in rhat Cafe the L '~ 

Angles ST? and S^T being right, the Lines ST 
.tDcTS; would be parallel, ajid would not meet but 
,JU an infinite Diil:ance. 

2d!y, Suppose the Elongation of the Moon from 
■riie SuB 89% 50' : In that Cifc the exterior Ang^e 
,.xt the Moon is 8^". 4.5', and its Verfed She equal 

^to the Radius bating the right Sine of i^'. And 
.becaufe as the Radius is to the Verfed Sine of the 
jfxcerior Angle, that is, to the Radius diminitlied by 
-ihc Sine of i^'i fo is the Semidiameter of the 
-Moon to that Part of it which is illuftrated and Teen 
by us; then, by Divifion of Ks(/o, the Radius will 
be to the Sine of 15'i as is the Moon's Semidiame- 
ter to that Pare whereby the Semidiameter of the 
Moon is greater than the illuminated Part thereof 
'Wbich is feen by us; which therefore (as in the for- 
jner Cafe) will be fcarce 4." : Now the Moon, 
• wanting but fo fmall a Portion to be intirely bifeifted, 
.will appear to us as if Oic were really bifei2:ed; fo 
rdiai its Phafii can in no wife be diftinguilhed from 
rChe trui: Phafis of a Dkhoiomy : And therefore, if 
^this apparent Fhapv lliould be taken for the true 
.fhajii of the Dichotomy, which is half a Degree di- 
^Axat from the Quadrature, we ihould find the Di- 
ftaiice of the Sun from us to be fiSyfiSemidiatnc- 
ters of the Earth. 

Observations inform us, that when the Moon 
is \o Mia, diftant from the Quadratures it appears 
bifectcd ; and in the Quadrature its Fhafis cannot be 
perceived 10 be different from a bifeiSed Phajis: 
Nay, the Moon, obferved with the bcft Tclefcopes, 
after it has paft the Quadratures, appears bifedrcd, 
as Ricch/us himfelf acknowledges in his jUrnagep., 
p. 754. And therefore the Moon, at leaft for the 
Space of one Hour, appears to be bifeiled, tti 
which Time any Moment may be taken for the true 
Point of the Dichotomy^ as well as any Other : And 
for the infinite Number of Moments of Time, wc 
S 4 IhaU 
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Lefture fli»U have ao infinite Diverfity of Diftanccs of the 
XXI. Sun from the Earth : And confequenily, the true 
;(^^^%j Dillance of the Sun from the Earth cannot be ol> 
taincd by this Method. 

Since the Moment in which the true Dichtmf, 
happens is uncertain, but it is certain that it hap- 
pens before the C^jadrature ; Kicciolus takes thiE 
Point of Time which is in the Middle, between [ho 
Time that the Fh^fis begins to be doubtful whetbff 
it be bifeftcd or not, and the Time of Quadn- 
(urc : But he had done rightcr, if he had taken die 
middle Point between the Time when it becoma 
doubtfut whether the Moon's Side is concave o 
ftreight, and the Time again when it is doubtfijl 
whether it is ftreight or convex i which Point of 
Time is after the Quadrature ; And if he had done- 
this, he would have found the Sun's Diftance a gretf , 
deal bigger than he has made it- 
•Titrtlins There is now no need to confine this Method 
'g^'liiMi ^^ ^^^ 'Pi'of" of a Dichotomy or Bifeftion, for it c 
t^'i"'ii '' ^^ ^ well perform'd when the Moon has any othe* 
Phifi: «fa Vhafss bigger or lefs than a Dichotomy ; For ofaleryfl 
tifiaiM. by a very good Telefcope, with a Micrometer, the 
Fhajis of the Moon, that is, the Proportion of rtii 
illuminated Part of the Diameter to the wbole'i 
and at the fame Moment of Time take her EIoi* 
Ration from tlicSim: The illuftrated Part of thq 
Diameter, if it be lefs than the Semidiameter, is n^ 
be fubduded from the Semidiameter ; but if ir b^ 
greater, the Semidiameter is to be fubdufled frooi 
It, and mark the Refidue: Then fay, as the Seo^ 
diameter of the Moon is to the Refidue, fb is ib^ 
Radius to the Sine of an Angle, which is thercftiti 
found : This Angle added to, or fubftrafted from \ 
right Angle, gives the exterior Angle of the Tri 
angle at the Moon ; But we have the Angle at thfl 
Earth, which is the Elongation obferved ; wbicS 
therefore being fubduifled from the exterior Angle^ 
leaves the Angle at the Sun. And in theTriangli 
SLT, having all the^nglcs and one Side LT, -wjj 
can find [he other Side ST, the Diftance of the Siiij 
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ftom the Earth. But it is almoft impoffible to de- Lefture 
terroioe accurately the Quanticy of the Lunar Fha~ XXI. 
fu, fo that there may not be an Error of a few Se-^,^"^s./ 
conds comtnkced ; and confequently, we cannot by 
this Method find precifely enough the true Diftance 
of the Sun. However, from fach Obfervations, we 
are fure, that the Sun is above 7000 Semidiameters 
rf the Earth diftant frotn us. Since therefore the Tbt Sm't 
Irue Diftance of the Sun can neither be found by Diffjnit and 
Eclipfes, nor by the Vhafes of the Moon, the™^^^^_ 
'MfirouomemTs, forced to haveRecoutfe to thePar-ji,«jj^™ 
yiaxes of the Planets that arc next to us* as Mars '>« Porallax 
Itnd Venus, that are fometimes much nearer to us^^'*'^'" 
_ftian the Sun is : Their Parallaxes they endeavour to 
find by fome of the Methods above explained : 
And if thefe Parallaxes were known, then the Par- 
^ax and Diflance of the Sun, which cannot dj- 
ttGiXy by any Obfervations be attained, would 
Safily be deduced from them. For from the Theo- 
y of the Motions of the Earth and Planets, we 
tnow at any Time the Proportion of the Diftances 
f the Sun and Planets from us ; and the horizon- 
_ d Parallaxes are in a reciprocal Proportion to thete 
Diftances. Wherefore, knowing the Parallax of a 
Clanet, we may from thence find the Parallax of 
&e Sun. 

Mars, when he is in an Acronychal PofitionjPati"/."-^ 
&at is, nppofite to the Sun, is twice as near to us *' '^"' " 
s the Sun is i and therefore his Parallax will beX/p^^' 
wicc as great. But Vevut., when Ihe is in her infe-wo. 
tior Conjundion with the Sun, is four-times nearer 
lo us than he is, and her Parallax is greater in the 
l&me Proportion : Therefore, iho' ihc extreme 
Smallnefs of the Sun's Parallax renders it unob- 
fcrvable by our Senfes, yet the ParaUaxes of Marc 
or VenuS) which are twice or four-times greater, 
inay become fenfible. The Aftronomers have be- 
lowed much Pains in finding out the Parallax of 
'tri; but of late. Mars was in his Oppofition to 
; Sun, and alio in his Perihelion, and coofe- 
idently, in his neareft Approach to ihe Earth: 
"* And 
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Lcfture And then he was mod accurately obferved by Wo 

XX[. of the moil emincnc Ajlrommers of our Age, who 

have determined his Parallax to have been fcaroc 

30 Seconds ; from whence we can catily colled^ 

that the Parallax of the Sun is fcarce 1 1 Secoodii 

and his Diilance about 19000 Semidiameters of tbc 

Earih. 

TUfarai- Bv an Obfervation of the Body of Venusy fern 

iaxfftbe nailin;z over the Body of the aun, which ^ 

£"^/ii "*PP-" i" ^^^.y> i7^i> D*"- ^^tl^y has (hewed a 
Vi'ai! «'X ^^Ie;hod of finding the Parallax and Diilance of 
.judy of the ihc Sun CO a great Nicety^ viz,, within a five hun- 
*'■■• dredch Part or th-j whole ; and we muft wait till 

t'r.cn, before it can be determined to fo great la 
Exactnefs. 

Becal'se the Mechod whereby the Afir9n9mm 
forecel Eclipies of the Sun, requires that the Moon's 
Parallax both as to Longitude and Latitude fhould 
be known by Calculation : And aUb, as often as die 
Moon's Place in the Heavens is to be obferTad; 
that it may be compared to the Place fouDd bf 
jiftronemkal Tables, in order to eftablifli ber 
Theory j it will be neccflary to reduce the tnie 
Place found by the Tables to her apparent Pte 
which cannot be done without the Calculatioo of 
the Parallax : It will be convenient to explain Ac 
Method by which the Moon's Parallax for any Point 
of Time is to be calculated. 
Now the Fi R5T, by jififomfmcal Tables compute the Pl»cc 
MowTs Par- of the Moon in the Ecliptick and her Latitude? ^^ 

t%"/L ^^^ g^^^" '^'''''^^' I" ^he ^'^&^^^ CiippoCQ HO *c 
' A/iyTiw/^j^ Horizon, HZO the Meridian, Z the Vertex, E*^ 

C'aUuiatijn. ths Eclipiick, in which let L be the Place of *^ 
Moo!i, found by the Tables. And firft, let usfop" 
pofc the Moon to be without Latitude. FroiO ^ 
Vertex Z lee fall upon the Ecliptick the PerpeO^ 

Table XXI. ^^^^^ ^ '^ ^' whirli will be therefore a Qrdc ^ 

Fig. 6. Latitude; and the Point n will be the 90th Deg^^ 
of the Eclipcick. From the Time given wc WT^, 
the right-Afcenfion of the Sun, and his Equato''^, 
Diftance from ihe Meridian : From thence we Ib^ , 
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find ihc Point of the ^quacot culminating, which Lefturc 
is the right Afcention of Mid-Heaven, or of that XXI. 
Point of the Ecliptick which culminates ; And * 
therefore we know that Point which is then in the 
Meriidian, as alfo the Angle Z E w of the Ecliptick 
and Meridian. This is either found by the Calcu- 
lation we explained in the fpherical DoiSrine, or by 
Tables of Agronomy : By this Means we find the 
Arch E L i but we have the Arch E N^ the Decli- 
nation of the Point E, and confequently the Arch 
ZE will be known. Therefore in the right-angled 
Triangle Z»E, we have the Side ZE, and the 
Angle Z E ». Hence we can find E w and the 
Point n or the Point of the 50th Degree, and the 
Arch Z«, its Diftance from the Vertex ; whofe 
Complement « A is the Meafure of the Angle that 
the Hori7,on and the Ecliptick make : And becaufc 
we have ihe Place of the Moon, we muft have the 
Arch w L, Therefore in the right-angled Triangle 
Z0L, having the Sides Z» and nL, we fliall have 
irom them the Angle ZLw, which is called the 
Tamlla^ick A}igk, as likewife the Side ZL, che'rafParal- 
Diftance of the Meon from the Vertex. Let ihe'^^'"'^- 
3ladius be to the Sine of the Arch Z L, as the hori-^ " 
aontal Parallax of the Moon taken from the Tables 
to iis Parallax in L, which therefore is found. Let 
it be a L. From on the Ecliptick let fall the Per- 
pendicular oiw. And in the Triangle L w (which 
being very fmall, may be taken for a reftilinear one) 
we have belidcs the right Angle, the Side L o and the 
Angle oLM equal toZL»i wherefore we Hiall 
find out the Arch L m, the Parallax of Longitude, 
ind ?«, the Parallax of Latitude, which wete 10 be 
found. 

Suppose now the Moon has Tome Latitude, and 
its Place in the Ecliptick be the Point L, but let it 
oc placed in the Circle of Latitude L P at P. And 
aecaufc the Angle wLP is right, and we have the 
Angle n L Z, and its Complement Z L P ; in the 
Triangle Z L P we have two Sides, Z L, which was 
rbund before, and LP, the Moon's Latitutie, and 
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LcSure the Angle ZLP> whereby we can find out iheSiill 
XXI!. ZP, and rhe Angle ZPL- Let the Radius bcto 

Xy'^r*^ 'he Sine of the Arch Z P, as the horizonral ParaJltt 
of the Moon to a Fourth, which will be P# ; Thii 
will be the Parallax of the Moon in the Ctrcle of 
Altitude- Let f 1/ be an Arch parallel to the Ecl^ 
tick; and in the Tmall Triangle P*/^, which mi 
be taken as a right-angled Triangle, we have ri 
Angle 1/ P J) which is the Complement of the Ang. 
ZPL to two right Angles, and the Side Pjf 
Therefore we (hal! have P d the Parallax of LaO' 
tude, and f*/ ihe Parallax of Longitude: For bfr 
caufc the Latitude of the Moon is but fmall, die 
Arch of the Parallel d ^ is nearly equaJ xo 
the Arch of the Ecliptick which is correlix»dai( 
to it. 
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LECTURE XXII. 

The Theory of the Annual Motion of 
the EARTH. 



THERTo we have given an Ac- 

count of the general Affedions of 

i the Planets Motions, and have ei* 

' plained the Appearances wliich arifc 

^ from their Motions and the ModoK 

^ of the Earth together. We will 

now come to their particular Theories, in which 

the Period of each, its Diftance from the Sun, dw 

Form of its Otbit, and its Pofition arc determined 

whicli 
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-which being once known, the Place of any Planet Ledture 
mn the Zodiact may be computed for any given XXII, 
"Time. And becaufe the Theories of the Planets ^^^^ 
^are founded on the Motion of the Earth, and are 
^nveftigated by this Motion, it will be necelTary to 
l^in with the Theory of the Earth. 

In our Vllch Leliure we fliewed how the Mo- 
tioQ of the Earth round the Sun was the Caufe 
of the Appearance of the annual Motion of ihcTbtMotim 
Sun in the Eclipticki arid that the Sun, obfervedeT'^f/^"'* 
from the Earth, feemed to defcribe the fame Cir--^^^f^,'^ 
cle in the Heavens, that a Spe^tor in the S\xaMothtef 
would lee the Earth really to move in. But ih.c'te Smi. 
Place of the Earth feen out of the Sun is always 
diametrically oppolite to that Poinc of the Eclip- 
tick in which we on the Earth obferve the Sun 
to be placed : And therefore when the Sun appears 
10 us in Tj the Earth is really in CS ; when he 
is in S, the Earth has its Manfion in W. And 
therefore from the apparent Place of the Sun, 
which we find out by Oblervation, we can eafily 
determine the Place of the Earth in its proper 
Orbit. 

Since the Ecliptick cuts the ^Equator in 
two oppofite Points, the Sun will twice every 
Year appear in fhe j^quator or Equinodlial Circle; 71* i'an/i 
which happens when by his apparent Motion he'*"""™'j' 
arrives at the Interfedtions of thefe two Circles : ^"^^Jl^i 
All the refl: of the Year he will feem to decline c,rti.° 
either to the North or South from the ,(4^quator i 
and he is at his fartheft Diftance from the Mqaa.- 
tor, when he is juft in the Middle between the two 
Sedions, that is, 90 D^rees removed from either, 
and there the Sua does not feem to alter his De- 
clination for fome Time j and then the Days keep 
the fame Length : And therefore thefe Points which 
are the firft of SS and VP are called the Solfihial 
joints, as the Intetfeftion of the j^quator and 
Ecliptick, are called the Eqkinaiiiai Points, becaure> 
when the Sun is feen in tbem^ the Days and Nighti 
are equal. 

Since 
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is Declination in the fecond Observation, the Lctlrure 
■rch C E will be the Motion of the Stm in the XXIL 
iliptick for one Day. la the fpherical Triangle ^V^ 
G r^ht-anglcd at &, wc have the Angle A, 
h the Equator and ihe Ecliptick mate, which 
fliewed how to find out in Leflure XlX ; as 
C &, the Declination of the Sun, known by 
ifervation, by which we (hill find the Arch 
. And in the fame Manner in the Triangle 
D the Side A E is found, and thence the Arch 
E, which is the Sum or Difference of the Ar- 
CA, AE. Say then. As CE is to C A, fo is 
iours to the Time between the firft Obferva- 
e and the Moment of the Ingrefs of the Sun tt) 
E yEquinoK, 

If again, the next Year, the Time of the Sun's TJe^m. 
the jSiquator be obferved in the fame"'-'' ,^'** 
mer, the Tkne elapfed between the two In-y^[ 
grefTes is the Space of a Tropical Tear, or the 
Time wherein the Sun, or rather the Earth, com- 
ts its Courfe in the Ecliptick ; which is called 
Tropical Tsar, becaufe after it is finiihed, all 
Seafons return again in the fame Order. Buc 
ObfervatioQS that are made ac the Diftance of a 
'ear> we cannot fafcly rely upon the true Quantity 
'of the Year colleifted from them i for a fmail Er- 
ror of one Minute, being conftantly encreafed and 
multiplied by the Number of Years, in Pracefs 
of Time would amount to a prodigious Miftake 
in the Place of the Sun. Therefore the j^firo- 
pomert more accurately determine the Quantity of 
the Year, by taking the Obfervations of two Equi- 
l oofties at many Years Diftance from one another; 
and dividing the Time between the Obfervations, 
by the Number of Revolutions the Sun has made, 
•the Quotient will fhew the Time of one Revolu- 
tion, or nearly the Period of the Earth in her Orbit, 
^or by this Means, if there be any Miftake madeln 
-the Otjfervation, it will be divided into fo many 
Parts, according to the Number of Years, that it 
will be inlendble for the Space of one Year. 

The 
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The Space of Time belonging totheTrti^ 
Tear, u by rhis Means fouud to confift of ^fif 
Days, <; Hours, 48 Minutes, and 77 Second 
This Time is fomewhat lels than the periodiQ 
Time of ihe Earth in her Orbit, which is calh 
the Anorntlifiical or PertoiUcal Tear. For by nj 
foQ of the Proceflion of the Equino^ies, whk 
was explained by us in the Vlllth l.eSivtt^ \ 
which the Points of Inicrfcftion do coitfbnc 
every Year move back 50 Seconds, and as 
were, meet the Sun ; (he Sun will arrive m the I 
lerfcction before ho has compleated his Courfi 
Now the Time of the Earth's Period or Aaom 
lifiUal Tear is 31S5 Days, C Hours, 9 Minutes a 
14 Seconds. 
ij. If the Mot'on of the Earth round the Siio \ 
^ equal, that is, if it defcribed equal Angles rc_ 
■ the Sun in equal Times, the apparent Motioa ( 
the Sun in the Ecliptick would always be ecpid 
and would proceed each Day in the Ecliptici 
59' 8''': And therefore the Place of the Sun woul 
ealily be computed for any Time. But we « 
fure by Obfervation, that the apparent Modoo ( 
the Sun is not equal, and that he goes thro' fomft 
Partsof the Ecliptick quicker than thro'othersi and 
particularly, in going thro' the Northern Semicircle 
of the Ecliptick, he fpends near eight Days raonfr, 
than in paiTing over the Southern Semicircle ^ 
which ought to be performed precifely in the &m» 
Time, if the apparent Motion of the Sun wers 
equal. Moreover, if we make Obfervationi, anc 
from them find out the Motion of the Sun ii 
Ecliptick for each Day ; in Ibme Days he will be 
found to move thro' the Space of 61 Minutes in ^ 
Day ; at other Times he will fcarcely be feen to 
have compleated 57 Minutes- 

The daily Motion of the Sua in the Eclip- 
tick is ohferved in this Manner. Let C B repre^ 
fent the Ecliptick, & Q_ihe ^^quator, whole com- 
mon Interiedtion is in A : Take with an Inllrumene 
the Meridian AUitude of the Sun ; the Altitude o^ 
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ilie yEquacor in the Place of Obfervation is likewife Lefture 
to be known : The Difference of chefe two Arches XXQ. 
s the Declination of the Sun, which will therefore ^r^^>^_ 
be known. Let G be the Place of the Sliii in the 
Ecliptick, and FG his Declination. In the right- 
lliigled Triangle G F A having the Side F G and the 
lAnglc A, we (hail find the Arch A Gj the Diftance 
If the. Sun from the EquinoSial Point ; or his 
Loi^itude and Place in the Ecliptick at the Time 
if the Obfervation. The next Day again, obferve 
fee Meridian Altitude of the Sun, and find from 
mce his Declination, which fuppofe to be M L, 
rom which, and the Angle A, by the fame Me- 
bod, we fhall find out the Arch M A ; from which 
iibftrad the Arch AG, and we Ihall have the Arch 
5M, which is pafled through by the Sun in one 
Day. The bignefe of this Arch is mutable, accord- 
1^ to the Place the Earth has in its Orbiti 

The ancient j^Jlronomers, who allowed no Mo- The circaUr 
jions in the Heavens but what were circular and ^^'*Sf' 
■qual, that they might give an Account of this appa-^„„ ^^ " 
sent Inequality of the Sun's Motion, imagined thatwi/rirfoj* 
Sbe Sun moved round the Earth, or the 'Earth'*^"^'^ 

i the Sun, (for it is the fame Thing which we^„„_^'""^' 
ioppofe, to move, or ftand ftill) in a circular Or- 
bit, but Eccentrical \ that is, whofe Center was at 
Ibme Diftance from the Center of the Ecliptick,. 
in which rhey placed either the Sun, or the Earth ; 
ftad this circular Orbit, they fippofed, wasdefcribed 
T an equal Motion: And therefore, becaufe the 
^nter of the Ecliptick was at fomc Diftance from 
ic Center of equal Motion, the Motion of either 
(the Sun, or Earth, feen from the Center of the Ec- 
iptick, would appear unequal. 
Let the Circle T S ^a Vf reprefenc the Eclip- TaUcXxn, 
' tick, in whofeCenter is the Sun. MPNA thefJE. i. 
Orbit of the Earth, whofe Center is C, diftant 
from the Center of the Ecliptick by the Line CS, 
which is called the Eccentricity. They fuppoied 
the Earth to move in this Circle with an equal iMo- 
tion : And therefore, all the An;rles defcribed round 
the Point C, would be proporrionil to the Times ; 
T and 



27+ ASTRONOMICAL 

Lc(fVurc and the Earth feen from C, would not appear to 
XXII. move flower in A than in P; buc viewed from the 
Center ot the Eclipcick, becaufe at A it is farther 
dillant than in P, it would appear to defcribe Ids 
Arches in ctjual Times : And therefore) when the 
Earth is in A, and a Spedator in it, obferving the 
Sun in St will Hnd that he moves flower chm 
when the Earth is in P, and the Sun \s ieen in XT. 
And bccaulc the Arch of the Circle MAN is'greaicr 
than a Semicircle, and N P M le(s than one ; it ii 
evident, that there is more Time required to dc^ 
fcribe the Arch NAM than NPM. Buc in die 
Time the Earth is carried throueh the Peripjie7 
N A M, the Sun feems to defcribe the Northern 
Semicircle of the Kcliptick, viz, V, ffi, tfs ; and 
while the Earth is moving through the Arch M FN, 
the Sun will feem to have p;one through the odicr, 
or the Southern Semicircle tfi:, YP, 7^. From hence 
the Keafbn is plain why the Sun flays longer in the 
Northern Signs than he does in the Southern. . 
ri-f Deter- Upon thcfc Suppofitions they thus determiaed 
;^;5f;^;^/the Eccentricity and Pofition of the jiffis. In die 
tiicityand fimc Ycar oblerve the Moments of Time wherein 
Pojiti<mcf the Sun cntcfs both the Equinodlial Points, w*. 
'IntbifsT ^^^ Vernal and Autumnal i as alfo, the Place of the 
f'ojiuon. "^' ^^'"n in thcEcliptick in any other intermediate Time; 
. which fuppofe to be in 61, the Earth being really 
in r:. When tlie Earth is in the Point of its Or- 
bit N, the Sun is feen in the Point T ^ then the . 
l'.arth coming to L, the Sun appears in Sl^ wd / 
when it has arrived in M, the Sun will be obfervcd 
in t^. Draw to the Place of the Earth in L the 
right Lines SL, CL. Let likewife CM, MN, 
and C N be joined j and let C M, and S L, cut one 
another in O. By Obfervations of the Places of the 
Sun, we have the Angle Y S SI, as likewife its Com- 
plement to two right Angles a?S T. Alfo by the 
Diftance oF the Time between the Obfervations we 
have the Arch L M, or the Angle LCM, as alfo 
tl-.c Arch NAM, thefe being proportional to the 
'J imes ^ therefore we have likewife the Arch M P N, 
and the Angle MCN. In the Ifofceles Triangle 

MCN, 
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M C N, having the Angle M C N, we have likcwife Lefturc 
the two Angles at: the Bare M and N ; But in the XXII. 
Triacgle MOS, we have the Anp;Ie MSO,^. 
■nd the Anele M : Therefore we have alfo the Angle 
M O Sj and L O C which is vertical and equal to it. 
Buppofe L C, the Radius of the Eccentriclc, to conlilt 
of IC3OO0O equal Parts, chcci in the Triangle LOG, 
having all the Angles, and the Side L C, we can 
iEnd the Side O C. But we know M C, which is 
equal to L C ; therefore we have M O. In the 
Triangle MOS we have all the Angles, and one 
Side M O, and therefore we (hall have O S. Laiilj', 
In the Triangle SOC, having SO and OC, and 
the Angle SOC, which is the Complement of the 
Angle SO M to two right Angles, we (hall find SC 
the Eccentricity, and the Angle OSC^ to which 
add the Angle MSO, and we fhall have the Angle 
MSA, or the Arch T Vf ; which fhews the Pofi-* 
tion of the Aphelion, or its Diftance froiti the Equi- 
poi^ial Point T. 

Bv this Method, the Ancients found the Eccen* 
tticity to be 3450 of fuch Parts as the Radius of 
'Ae Eccentrick was 100000; from which they 
•afily calculated the Motion and Place of the Sun 
for any given Time, in the Manner following. In 
flie Orbit of the Earthy let A P be the Line of the 
tApfdes, and fuppofe the Earih at L defcribing its 
circular Orbit i the Arch A L, or the Angle AC L 
jjiroportional to the Time, will be the Earth^s mean 
..Anomaly^ as the Arch of the Eclipcick Vf sa, or 
llie Angle yf S ss is the true Anomaly. Having 
DOW the mean Anomaly, we have its Sine L Q^, 
and its Co-fine C Q. , to which add the known Ec- 
centricity, and we Ihall have S Ci. Say, as S Q_ is 
to L Q_, fo is the Radius to the Tangent of an 
Angle, which is OS L ■■, which therefore will be 
known. Or thus : In the Triangle S C L we have 
the Sides S C and C L, and the Angle S C L, the 
Complement of the mean Anomoly to two right 
Angles: Therefore we can find the Angle LSC, 
or LSA, the true Anomaly; for as CL-f-CS: 
CL— CS: :Tangent of half the AnglcLCA to a 
T 2 Fourth, 
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hi- ' ije An2"i= L C A- ^= -^ -i"^* ^=« Lee Ta»- 

per: o: r-J" ±c ^i^^rrnzz ?f ±ie Asris C LS nd 

t ^ Z-: -s-: S2T» r!ir:T ^.n. sni cjassjsiB^ 

tr.e A=:r t L S A -rL dc tiDirs ; -srhach icSs^ dc 

S'-^i L.-*f :'r; Porr.: or>J-"g is ib-Phcc cgi!i;SB% 
iiri :V-^. :r^ fLrrrr." I3 ±tf £.11 huf Cede of 
An^zzi! y A L P: ±»c rr.-m Asxaily A C L is giceer 
rhin :be :r j^ Anocih- A S L. For tbe cnrmil 
Arigiff ACL is grater izn ie inrcnal lad oppo- 
fcc'A S L : And o* fros njc r^ein Aaoda^v A<JL 
Toj uke a-.v2]r rhe Angis C L S, ±^re vS icmaa 
tbe Angie L S C, :he rr^e AscqqiIt. In ifae fecond 
ScEicircle c: Arcmiiy: :re rr.ein Aoomah' is kfi 
than :hc rrjf. For :1:ppcfe :b- Earth in IR^ die 
mean Anor?.2iy is :he Arch APR: or, cifBos; awif 
the Semicirdel the Arch P R., cr :he Az^k PCR*. 
Bu: the true Anoziiv reiefrlr-z tbe Semicircle is 
P S R, V. hich is ecusj to P C R snd C R S. There- 
fore, ii to the mean Auoziiiv ^e add the Angk 
CRS, 'A*e fr.all have the trje Anomilv PSR, and 
ihc Place of the Earth in the Eciiptick. The Angle 
C L S or C R S is called the Ejuatiaw or Pro/tSa- 
pb^reff'y becaufe fometirnes it i5 to be added, fome- 
limes to be fjoilracted from the mean MonoD) 
that we may have the true Motion or Place of the 
Earth. 

This Thecrj^ of the Ancients anfvrered wdl 
enough to the apparent Motions of the Sun, which 
were founded on Obfervarions that were not very 
accurately made. But i: was evident, from Obfer- 
vations of the other Planets, that their Motions 
could not be accounted for by fucb a Theory. And 
Thg Theory cvcn in the Sun itfelf there is a Thgenomenon^ which 
•ftbe An- i5 nQj jQ jjg explained by the Theory of the An- 

CltfltS tt Hit • ill' I iw^ 1 

truf^ cicnts, but clearly overturns that Theory, and 

proves 
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jToves it to be falfe, •vrz. By the moft accurate Ledure 
Obfervations we find, that ihe apparent Diameter of JCXir. 
the Sun, when he is in hio -^jso^icow, is 51' 29"; in (•^^W. 
1 his Ferigaon, it is 32' 53" ; but the apparent 
Hametcrs are reciprocally as the Sun's Diilances, 
rom whence we find, that the true Diftance in the 
"pegjeoK is totheDifirance in the Fwigd-ew, as 1955 
I to 1889, or as 101661 is to 985^9; Co that the 
iccentricity is but 1661 of fuch Parts, whereof the 
Ittdius of the Eccentric k is looooo. The Theory 
" i the Ancients tnakes the Eccentricity above double 
f this. And therefore that Theory muft be h\(c, 
irhich fuppofes fo great an Eccentricity ; For if we 
^lould allow but one Half for the Eccentricity, that 
ivouid better anfwer to the apparent Diameters of 
^e San, when they are nicely obferved : But then, 
#>n the other Hana, fo fmall an Eccentricity would 
ooc account for the Inequalities of the Sun's Mo- 
tion, making the Center of the Eccentrick the Cen- 
ttr of the middle Motion i for by computing, we 
tnd the E^aatiom or Frofiha{:hartfrt twice as great 
4U what they would amount to with half only of the 
Eccentricity of the Ancients : And therefore it is 
yfiUio, that ihis Theory of the Ancients muft be falfe. 
I The fagaciousKf/i/ej', obferving this, fliewed thatKepln'j 
tiie Eccentricity was indeed to be bifefled^ but io^Corrcaio' 
^at the Center of the Eccenttick was in D, in the"-^"' 
yiddle Point between the Sun and the Point C; 
from which C, if the Motion of ihc Earth were 
viewed, it would appear equal. This Point C, 
.which Was diftant from the Center of the Eccen- *- 
trick by half the Eccentricity of the Ancients, was 
called the Center of the middle Motion i becaufe ^ 
from it the Motion of the Earth would always be 
feen in a mean Morion between its quick ancf flow" 
Prc^rcfs in t!ie Ecliptick. 

'TIS true, Coperuifsi, and many o'^Kr yl fir ommen, 
thought it abfurd to fuppofe the Earth carried in a 
Circle, whofe Center was not the Center of the 
equal Motion i for then the Earth's Motion mutt not 
ouly be in Appearance, but really in itfelf unequal ; 
"ina in fome Parts of the Periphery of its Oruit it 
T 3 would 



178 

Ledhire 
XXII. 



KepJer*i 
Eiliftick 



'Jl'rrs are 
fr> CcHfers 
0f middle 
Mdstion, 



*Jbicry 
tftccmed urt-m 
gectvrrical. 



ASTRONOMIC AL 

would move fatter, in other flower, contrary n 
their ettablifli'd Maxim, of having all the Moaoo 
pcrfcftly uniform. 

But Kepler^ when he had demonftrated that JlCir^ 
and the other Planets, were not carried round the 
Sun in circular, but in elliptical Orbits; and that die 
Sun was in one of the Foci of thofe Ellipfes; and 
that the Planets, in moving round him, did (b regu- 
late their Motions, that a Line or Ray drawn ftom 
the Sun to the Planet, did fweep an Elliptick Aru 
or Space, always proportional to the Time the Ph* 
net moved, he thought it but reafonable to fuppofe 
the Earthy in turning round the Sun, fhould obferve 
the fame Law, and be carried likewife in an elliprick 
Orbit. This Theory anfwers exaftly to all Appear- 
ances ; but it follows from it, tnat there are no 
Centers of equal, or middle Motion, from which 
the Planets can be fcen to defcribe Angles proper^ 
tional to the Times. And therefore many Aprons 
mers^ ftill adhering to the Opinion that there were 
Centers of equal Motion, rejeded this Theory of 
Kepler s ; but for all that, they retained the elliptick 
Form of the planetary Orbits. And becaufcin the 
Axis of an Ellipfe there are two Points equally di- 
ftant from the Center, which are called the Foci, in 
one of which, they, with Kepler, placed the Sun 5 
the other, which was diftant from the Sun the dou- 
ble of the Eccentricity, they imagined to be the 
Center of equal Motion, and round it they fuppos'd 
the Planets to defcribe Angles proportional to the 
Times,* which, indeed, in Lllipfes, that are not very 
eccentrical, is nearly true, as Kepler hipnfelf acknow- 
ledges, and we (hall hereafter dcmonftrate. This 
Hypothefis they liked the better, becaufe there was 
no diredi: or geometrical Method in the Theory of 
Kepler, to find out the true Anomaly from the 
Mean j which, by the other Theory, they could eafily 
find. Upon the Account of this Deficiency of 
Method, many Aflrojiomerx objected to Kepler 
iyitoynT^midLVy or want of Geovietry in his Theory \ 
and rejecting it, went upon other Hypothefes, which 
^id not io well agree with the tf uc Laws of Nature ,• 
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md tbey feigned, that in each Orbit there was a Ledure 
certain Point for rhe Center of equal iVlotion, round XXII. 
which the Planets defcribed Angles proportional to V^v^^ 
the Times - But fince rhe Theory of Kepler is that 
which does really obtain, and only has Place in Na- 
lurei and all Obfervations declare, that the Planets 
do really regulate their Motions by its Laws ; it is 
not to be rejedled upon the Account of a Want in 
Geometry, nor is the Fault to be laid upon the 
Theory, which is rather to be imputed to the Un- 
skilfulneG of the A^Tonnmers in Geometry. We 
therefore, that we may remove this Blemifli of 
want of Geometry for the ftjture, in the following 
Xf^nre will fliew a dired Method of finding the 
true Anomaly of a Planet, from its mean Anomaly 
given. 
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LECTURE XXIII. 

Of the Motion of a Tlanet in an EUhftj 
and the Solution of Kc^l^t' s 'Prwla 
about the cutting of the Elliptic 
Area. 

[Ihe Great KfpUr was the firft who i 
monHTZtedy [liat the Planets did D 
niDve in circular Orbics, but that th 
were carried round the Sun in elliptic 
ones ,• all which had one commt 
Focus, in which ihe Sun refided : and that the PI 
nets, in their Motions, conftantly obferved a ce 
tain Law, viz. that a Rav or Line, reaching fro 
the Sun to the Planer, did Tweep elliptical Spac 
that were proportional to the Times. 
, This admirafaic and divine Invention of t 
fagacious Kepler, was owing to ihe cxadl Obfcn 
tions of Tycho Brake ; and is fo much 



fiw°w(i« ^^"^? for that by the Help of it, the moft incon 
f^ill parable Fhikfipher Sir ifiac Newton difcovera 
Caufi! i/ the univcrfal Laws of Motion, the Svftcm of tl 
ihtPlaiiti Unive^le, and the whole Bod/ of the Celefti 
Fhilafiphy, which was intirely unknown befbi 
Tit Prcfir. Kepler alfo demon ft rated, from Obfervations 
t^ofibi the Motions, that in all [he Planets their petioi 
Ti^ai^' c*' Times were in a fcfquiplicate Proporcioa 
TTwiioffciVtheir mean Dillanccs from the Sun, or of i 
Mjbcii greater Axis of the Ellipfes, which are equal t, 
"^KtXr. twice the mean Diftancesi thar is, the Squares o 
the periodical Times arc conftantly as the Cubes 
of (be greater Axes : And therefore, if in two dif- 
ferent 
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ereat Eilipfcs the greater Axes be called A, «> Lcihire 
their periodical Times T and t; rhen we fliall XXIII, 
have their Analogy 1*: /' :: A* u*, and T -.t: iN.-v'^s-* 

HencE ir follows, that in different Elliples, the 
Area's, defcri(:ed by iwo Planets in thefitne Timc^ 
are in fubduplicace Proportion of the Parame- 
ters or Latera reHa of the Eilipfes ^ which I thus 
prove. It is known from the Property of the 
fellipfe, thai its Area is as the Reftangle under 
the two Axes of it ; that is, if the two Axes 
of the greater ElUpfe be called A and M, and 
the two Axes of the fmaller Eilipfe be called * 
and >nj the Area of the greater Eilipfe will be 
to the Area of the Icfler, as AxM \s lo a%m. 
And iberefore, when we are fpeaking of the Pro- 
portion of the Area's, we may put ihefe Reftan- 
gles inftead of the Area's. In the greater Eilipfe 7i( ^^-m'* 
call the Area defcribed in a given Time X, ihe'^'A"*"''" 
Area defcribed in the leiTer Eilipfe in the fame^,^,"'™ ^ 
Time x, and the Time given in which ihey a.refMufl!mi 
defcribed 7 i the Later a reUa of the Eilipfes call^"/"""" 
L and /, the periodical Times T and t. From ^,^,,',3' f. 
the Theory above explained it follows, that5/"ii* £//,>- 
X : A X M : ; / : T, alfo that a y.pt : x :. t : y.fit. 
And therefore, by Equality of Proportion, 'twill 

beXxix™:*xAxM::r:T::«^: A*. But 
fince the leller Axis is a mean Proportional between 
the grearer Axis and the Latus reSum, M will 

be = A X L-, and m =s <j^ X P : And therefore, 

X K a* r : )f X A' L" : : 1^ : A*. And therefore, 

Xx /' : X X L' : : i : i j that is, in Proportion of 

Equality : And therefore, X : x : : L* : /* . And 
therefore, in different Eilipfes, the Area's defcribed 
in the fame Time, are as the fquare Roots of their 
Ltitera re£la. 

Since therefore the Law, by which the Pla- 
pei3 regulate their Motions, is the equal or uni- 
form 
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Lefturc form Defcription of the Area's, it i« ii 
XXIII. that the Planets can every where move ynth thJB?J^ 
fame uniform Velocity, but it muft conftandj tei^ 
changed: So that going from the Feriheliom^^^ 
jifhelion^ thev muiE conftantly flacken their 
7U r<locity hut as they oefcend from the Aphelion to the b* 
«**7 '^^ riAtf/i«» they muft again quicken their Motiooi'*^ 
S'Swrrr And in the Aphelion they have the floweft> iq die 

itSir Di' Perihelion the quickcft Motion : And the Vdod^ 
•^' will be every where reciprocally as a Perpendicu- 
lar that falls upon a Right Line palling throqrii 
P! h.vYff *^ Planet ana touching the Orbit. Let DAr 
fS.3? be an Ellipfe, whofe Focus is S; and fuppofc d» 
Arches A B, a b thereof to be gone over by die 
Planet in equal Times that are exceeding fmaDi 
the Triangles SAB and S ^ ^ will be equal ; for 
they are the Area's that the carrying Ray dcfcribcs 
in equal Times. From the Focus S let rail on die 
Tangents the Perpendiculars S P, S/, and the Tri- 
angle S A B will be equal totSPx AB: So like- 
wile the Triande Sab will be equal to iSfXai: 
And therefore SPiSpi: a b : AB : But AB and 
a ^,fincethey are Lines defcribed in the fameTim^ 
are as the Velocities : Wherefore the Velocity in A is 
to the Velocity in a^ as S/>is to S P, the Perpendicu-" 
lar. Mr, DeMoivre^ in the PhilofophicaliyanfaSiiotSy 
No 352, has likewife demonftrated the two foUoW^ 
ingTheorems concerning the EUiptick Motioq. 



THEOREM .1, 

A Theorem LzT AP B he the elliptick Orbit ^ in iphicbfup- 
:o determine ppfe a Planet to mo've round the Sun in the Focus 5. 

the Propor-^ ^ t .i ^ /..—,,. x* , ,^ . 

tint oftl 
Velocity, 

fig^^^^^ /)^f» the Velocity of the Planet in P^iDill be to the 
Velocity in its mean Difiance S D, in a JubdupUcate 
Proporfmi of its Difiance FP from the Focus F, to 
its Difiance S P from the Focus S. 

Let the right Line E P G touch the Ellipfe in 
Pj and from each of the Foci on the Tangent let 

m 



lermine pgje a rianet to mo've rouna me dun tn tloe jpocus o. 

ffttr ^^^ ^ *^ ^^^ ^^^^^^ ^f^^^ Ellipfe,CB half the greater 

^ity, Axisy CD half the lejpery and F the other Focus. The 

Tab XXVl^^^^^^ being in P^ draw the right Lines SPyFPj 
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the Perpendiculars S E, F G ; and let S H Lcdure 
. . a Perpendicular on the Tangent D H. The XXIII. 
\doci[y in P is, as wc have lliew'd, to the Ve- '■''YN' 
lociry in D, as S H is [o S E : And therefore the 
" [iHre of the Velocity in P is to ihe Square of 
I Velocity in D, as S H fquare or C D fquarg 
S E {quare ; that, is, by the Nature of the 
'pfe (becaufe C D fquare is equal to S E X F G) 
:Ex F G is to SE Square, or as F G to S E. 
bccaufe of the equiangular Triangles F G is 
. SE, as FP is to SP: Wherefore the Square 
S>f the Velocity in P, is to the Square of the Ve- 
Wty in D, as F P is lo S P : And confequenrly, 
'oW Velocity in P, is to the Velocity in D, as 

l^'tP is to /SP, whichwastobedemonftratedi 

T H E O R E M If. 

The Radius is to the Sine of the Angle 

SP E as v'iPxFP to CD. For S P 'fquare is to 
SPXFP ::SP:FP::SE:FG ::SE fquare: 
S E X F G : : S E fquare ; C D fquare. And by Al- 
ternation of Proportion S P fquare : S E fquare : : 
SPxFP:CD fquare: And therefore, SP : SE:: 

V'SPxFP : C D : But S P : S E : : Radius is to 
the Sine of the Angle SPE. Therefore as the 
Radius is to the Sine of the Angle SPE, fo is 



>^SPxFP to CD, which was to be demonftra- 
Ecd. 

We have already (hewed the Porportion hy'^'fv''' 
which the abfolute Velocity increares or decreafes : ^^'^"^jf 
But we have anocher Theorem foe determining the,ir5,„r( 
angular Velocity, or the Angle which a Planet,^ 'Wra;- 
feen from the Sun, will appear to defcribe in a^^"^/ ""'' ■ 
ibiall Particle of Time : For ii is every where'"^" -'' 
reciprocally in a duplicate Proportion of the Di-Plarcxxtfc 
ftance from the Sun: which I thus demotiftrate.F'B- 3- 
At the Center S, at the Diftances SB, Sb defcribe 
the fmali Arches BE, be, where AB, ah are the 
((D4II elliptick Arthes defcribed in equal Times: 

In 
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Ledure In S B take S m equal to S ^9 and draw the ftnil 
XXIII. Arch mn: And the ai^lar Velocity in b n m 
^^V*s^ t*^c angular Velocity in B, as the Arch be is ^ 
the Arch mn: But the Proporcion of ^e to ai* 
is compounded of the Proportion of ^ e to BEf 
and of BE to mi ». And becaufe the Trianghi 
B S A and bSa are equal, h e will be to B E is 
SB is to S * : And becaufc the Arches B E and 
j0» are fimilar, BE is to ;:«» likewife> as SB to 
S Wj or as S B to S ^ : Wherefore the Proportion of 
be to mn is compounded of the Proportion of 
SB to S ^j and again of S B to S ^ ; that is, the 
angular Velocity at h is to the angular Vetociy 
at B, as the Square of S B is to the Square of St, 
that is, reciprocally as the Squares of the Di- 
ftances. 
l%eAngttTar BuT to explain more dearly the Inequi- 
plaJlfum"^^^ of the Planets Motions, and the various In- 
fanfwitT^^^f^ 2nd Decreafe of their angular Vdocirics, 
an tquaivc- it will be requUire to compare their Motions ia 
^l*^mc^in ^^^^'^^"^ Poin:s of their Orbit, with an equal and 
w J c/^?^ uniform Motion of a Body moving in a Circle. 
Let therefore the EUipfe A E B F be the Orbit of 
Plate XXII. 21 Planet in whofe Focus is the Sun S. Its greater 
^'^- ^- Axis A B, and lefTer O Q^ At the Center S and 
Diftancc SE, which is a mean Proportional be- 
tween AK and OK, the two Semiaxes, defcribe 
the Circle C E G F. The Area of this Circle will 
be equal 10 the Area of the Ellipfe, as it is eafily 
to be demon ft rated from the Nature of the Ef- 
lipfc : And let us fuppofe a Point to move With 
an uniform or equal morion thro' the Periphery 
C E G F, in the fame Time that the Planet de- 
fcribes the Ellipfe : And when the Planet h in its 
Aphe!io7i A, let the circulating; Point be in C, in 
the Line of the Apftdes. The Motion of this 
Point will reprefent rne equal or rriiddle Motion 
of the Planet, and the Point will defcribe round 
S Areas, or Sedors of Circles, which are propor- 
tional 10 the Times, and equal to the elliptick 
Areas the Planet at the fame Time defcribes. Let 
now the coual Motion or the Angle round S pro- 
portional 
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ional to the Time be C S M ; and calfe the Ledurc 
^a ASP, equal to the Sedtor C S M ^ and then XXIII. 
i Place of the Pkncc in its own Orbit will be P, Vi^y^ 
1 the Angle MSD, the Difference between the 
e Morion of the Planet and its mean Motion, 
B the Equation or Projlhapbxrejis : And the Area 
fcCDP will be equal to the Sedor DSM, and 
nlequendyi proportional to the Prapbaphierefis j Thi Am 
d confequently, where this Area is biggeft, tneref'/*™"""™' 
fiFtofihafhierefn, or the Equation, will be '''ggcft : hapi^'nf ' 
t the Area is bi^ft in the Point E, where the 
rcle and the Elliple cut each other. For when^".'*' . 
' Planet defcends further to R, the Equaiion^jafii"" " 
__.- -:oiDes proportional to the Difference of the 
Areas ACE and w ER, or to the Area GBRw. 
For when the Planet is in R, le: V be the Place 
of the Point moving uniformly in the Circle, the 
Seflor CSV will be equal to the Elliptick Area 
ASR- : And taking away the common Spaces, the 
Area ACE lels the Area R E ot is equal to the 
Se^or VSwj or to the Equation. 

I N [he Perihelion the equal Motion and the 
true Motion of the Planet coincide ; for the Se- 
micircle CEG is equal to the Semi-cUipfe AEB. 
But »fter the Planet departs from the Peribelim 
B, its Motion is conftaniiy quicker, and it goes 
before the Point moving equally with the tneaa 
Motion- For let the Angle GSZ be proporcio- 
naj to the Time, take the Area B S Y, equal to ' 

the Sedor G S Z, and Y will be the Plice of the 
Planet in its Orbit j and the Angle BS Y will be 
ereater than the Angle GSZ; and the Area 
G B Y L will be equal to the Seilor Z S L, whofe 
Angle is the Equation : And where the Area 
GB YL Is ereateft, there the Equation is greatefti 
riiM is, in the Point F, where the Circle and El- 
lipfc cut one another. In A the Velocity of the 
Planet is the leaft of all, becauCe the Diftance SA 
ia the greateft ; from thence the Planet defcending 
» its Perihelion, its Velocity will conltantly en- 
but it will (till be M'i th.m the mean 
Velocity, till it comes to E, the [nterfeiftion of the 
Ellipfe 
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Lrr" •; T." "": irz C -c'.f Ari tr.-rre ir; Vdocicr 
XX] T ::r:/ -.: r:.- :~ ::t rr.rir, "hicb I ±us 
■■ -:c re ?.--■:: :■ :r r- .ic :re Point going 
:-; t-'.-L. " r.-.r:r '/i.:: - he in •*, and the .- 
Ci.:-.:kz "--.zS^ :r :-; :i:ze innnite:? uni^ 
T.r-. ^: ■? ^ :.. iri :"-? v^^ir?- --Sw, which »! 
to i-^.::^ .-.-I :r^r::t rLxES ts equal© 
X -^ X n ^ Ar.i :'-.-;?: -e- beci^uc Sw and SE« 
Cd.- - - 1"! "^ r-:'t r^ ecuil ; and the An- 
£f -. Sr! • . re ^-^-^^ '^ — i Ansle iSw. At 
:-; ?: -: :.-:-f::-; 1'. :"-- i-^r-lir Vciociry of the 
T.LTt: -' c L. :- ::• r-.-^i-. Ve.^nrr ; the Planet 
£■■ •- ":rr. i. in irrrc^ichirrj ihll nearer to its 
Fi":.".'-. r, i:i V- :j. V ^c.fi biger dun the 
ir :i- '. ;.:j r. . i=i :-5 Dv.tir.ce from die San te- 
:rz -'^"..'-ir:.. iic::i. •■:£:• :>.* Viocinr wxli conci- 
r-i ■ ir.j:ji:>. ::- :: crr.^s zo tie Perike^j 
\'-:\: .: .? ".o i-^ire.: c: all, because the Di- 
tTi-:j ^ f -^ ::£ .e^:": c: a.;. The Planet depa«- 
iri: •"::::: i>;":-. iri a:cer.i:ng :o :he ytpte!:9»jii 
ItZ'i: :-.e i\".-:. v.-'r.-.ch rrocecvis cooftandy witb 
ir.c TTi:.: >''-:r- bch'^d \z; bur as ic goes far- 
:he •^" :" . ri :>,: >-:r.. i:= Ve':oct:y decrealcs, but 
ii ::*..- :'J:^i': :r.ir, :he n:eiT Veiociry, rill ic cocoes 
:c* '.\ :~j ?r..: .:* I.::e-i'e:":ion of :he Ellipfe ani 
r'-j C:.'.:- .v.~j:e :"-2 P. ir.er'i ing-jiir Velocity J* 
i"; :'. iM--l :' : '.e rr.cin mgulir Velocit)*^ aJV^ 

1:.' : -.^n :r.j r.iei::. ir.d conirindy diminiiTies ri^^ 
i: i:-.-. ji jl: :he ^-Ic-wirij "here i: is the leaft ^ 
i.'. , ::< D.Szizcc r':cr.i :r-e S-n being then greatc/- 

^ : :: c F :-c:e:>-e cac>. Pljncc in diffcrenc Pait^ 
c: i:s 0:b:: r.is viidiren: Degrees of Velocirics^ 
a-^i :he cr.ly Ec^si::y which is obferved in it^ 
C::culi:i:n rojr.i :he Sun, is the equal Defcrip-' 
tion or ir-creare of the eiiip :ick Area, which grows 
bigzcr ur.itormly wirh the Time; to deter- 
mine :he Place of a Plinet in irs Orbic at any given 
Time, we muil nke an eliiptick Area that is pro- 
porrionjl to the Time And to do thij, it is necef^ 
I'ary co iblve the following Problem. 

KEP- 
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LeiSure 

xxrii. 
,. KE'PLER-s PROBLEM, ^^w^ 

^To find the 'Pofition of a Right Line, 
which pajfing through one of the Foci 
of an Eliipfe, pialT cut off an Area 

[■ defer ibed oy its Motion, i^hich ^all 

Ib be to the whole Area of the EUipfe 

^B in a given 'Proportion. 

^■r E T the Ellipfe be A P B, whofe Vorui is S. I Tab. xxil. 

^^^ muft find the Pofition of the Righr Line S P, F'E- 5. 

^Kphich cuts off the trilineal Area ASP, to which 

^the whole Area of the Eliipfe has the fame Pro- 
portion that the periodical Time of the Planet has 
10 any other given Time \ which Pofition being 
found, we fiiall have the Place the Planet is in at 
the given Point of Time- Or let A CLB be a 
Semicircle, defcribed on the grcatcft Axis of the 
£lljple i we muft draw from S [he Line SQ_, 
which iiiall cut off the Area ASQ_, to which the 
Area of the whole Circle is in the above-niencion'd 
Proportion. For by fuch a Seifiion of a Circle) the 
Se^on of the Ellipfe is eafily found out, by let- 
ting fall from the Point Q_a Perpendicular on the 
Axis A B i which will cut the Ellipfe in the Point 
P required, to which draw the Line SP, and ir 
will be the Right Line which divides the Area of 
the Ellipfe in the given Proportion ; fo that P 
will be the Place of the Planet : For the elliptick 
Segment A P H is to the circular Segment A Q.H, 
2S riP is to HQ^; that is, as the Area of the 
-whole Ellipfe is to the Area of the whole Circle, 
'jis is known from the Nature of the Ellipfe: But 
die Triangle SP H is to the Triangle S Q,H, in 
^e very fame Proportion by 'Prap. i. El. VI. And 
■^ercfore, by Prop. 13, £/. V. the elliptick Area 
ASP is to the circuUr Area AS Q., as the Area 
of 
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Lefture of the whole Ellipfe is to the whole Circle: Andj 
XXIII. by AlcernatioD, the Area ASP is to the whole 
J Elliplu, as the Area A S Q, is to the Circle. Hencei 
if we hive a Method of drawing thro' S ■ Lbe 
which will cut the Area of the Circle in a giva 
Proportion, it will be eafy to cut the Area w the 
Ellipfe in the lame Proportion. 

Ketler, who firft propofedtiie Problem, 
no dircit Method of computing ibe Planet's 
frwn the Timci and expreftj' tells us, that 
was no direfi Way of tinding, from the Ti 
eiven, the true Aiiotnaly of the Planet, o( 
Place in its Orbit. And therefore he found it 
CcHary to 20 through every Degree of the 
circle A QB; and to fearch from the Arch AQb 
which he called the Anomaly of the Eceentrkk, oe 
Time which was exprelTed by the Area A S Qj 
' which is proportional to the mean Anomsly; a 
alfo the Angle AS P, which gives the true Place 
«nd true Anomaly of the Planet, which be com- 
puted by Calculation. And therefore, becaule he 
couM not direftly and gcomeirically folve A| 
Froblejn^ (bme i1flroK«mertob]e&eA to him an «>« 
|«TfW(« or want of Geometry ; and that he was 1 
fond of phyfical Caufes, that he had depam 
from Gesvieiry ; and they blamed his jlftrOTtdjnu \ 
not being geometrical, lince it was toundea ( 
fuch a Theory. And therefore) that they tn' ' 
efcape the committing of fuch a Fault, they v 
upon other Hypaihtfn, and feigned a Point, roui 
which the Planets Morion fliould be equal, or c1 
Angles proportional to the Times : And froi 
thence, the mean Anomaly being given, they c 
culated the true Place of the Planet. But the C 
culacions founded on thefe Hrpothtfei were four 
not to anfwer Obfcrvations ; For there is really i 
fixed Point which is the Center of equal Motio 
round which the Planers defcribe Armies propo 
tional to the Times : And the only Theory, ih 
anfwcrs all Obfcrvations, is that above- explained 1 
Kepler. And therefore, the Afironarners muft no 
■ for ever embrace this Theory of Kepler^ fince 
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Elt only agrees perfedtly with the Morions of the Lei'^ure 
ieavens ; but alfo lays moft elegantly open the XXIII. 
Saule and Source of all thofe Motions. Kepler ^"^-^^ 
itnfelf valued this Theory To iiiiicb, that he chofe 
llher to take up with an indirect iViethod of Ca!- 
iulation, thin contrive another Hypothejis [hat was 
DC agreeable to the Nature of Things \ and for this 
K ableft Judges were not difpleafed with him. 
Jbcreforc to take away this Blemiih of want of Geo- 
w/ry out of our Afironomy, we will here ihew a 
irca Method by which the Area of an EUipfe, or 
f 3 Circle, which is equivalent, may be cut in a 
ivcn Proportion. 

Let AQ_B be a Semicircle whofe Diameter 
t the ereacer Axis of the EUipfe, its Center C, 
9d S tne Focus of the EUipfe in which the Sua 
(placed- Thro' the Place of the Planet imagine tiUcXXII. 
Perpendicular Ci_H to be drawn to the Axis, Fig. 6- 
leeting with the Circle in Q. ■- Then the Area 
lSQ_ will be to the whole Circle as the given 
l^me is to the periodical Time of the Planet. 
)raw CO, and from S let fall upon it, produ- 
ed if required, the Perpeildicular SF: The Area 
ISQ. is equal to the Sedor ACQ^and the Tri- 
t^e CLS C ; iha: is, equal \ Q.CxAQ,+ 
QJC X S F. And therefore, becaufe i QC is a 
Unftant Quantity, the Area A S Q, will be always 
roponionable to the Arch A(i+' ^^^ "gt"^ Line 
y, when the Motion is from the Aphelion to the 
rihelion : But when the Planet afcends from the 
•eban to the Aphelion^ the Area BSj is equal 
..jeSciflor BCg— Triangle CSy: And there- 
2 it will be proportional to the Arch Bj — the 
|;ht Line S/ Hence, if we take the Arch A N 
'B» proportional to the Time, AQTJ-SFwill 
eequal to AN, or Bj-— S/=B»j for then 
IN and Bn will be proportional to the Area's 
fcSQ^and BSj. 

. Hence, if we hive the Arch A Q., and add to 
the Arch Q.N, which is equal to the right 
Lne SF ; the Arch AN will be proportional 
equal to the mean Anomaly 
U of 
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Lecture of the Planet ; and therefore) if we have the troe 
XXIII. Anomaly of aPUneij we may cafily find the Meant 
\^>,rsj or ihc Time. For let QC be to SC as 57>2siyT* 
(which Number exprefles the Length of an Arch in 
D^rees and Parts of a Degree that is equal to the 
Radius) to a fourth Number; and we Diall have an 
Arch equal to SC in Degrees and decimal Paris. 
Call this Arch B; and becaufe S C is to S F, as the 
Radius is to the Sine of the Angle S C F or AC Qj 
fay, as the Radius is to the Sine of ACQ^ foisth* 
Arch B to a Founh ,- and then wc (hall haye, in De- 
grees and decimal Pans, an Arch in the Pcripherr 
ACiB> which is equal to the right Line SF: Ana 
becaufe- Sf is equ^ to C^N, wc have ihe Arch 
Q_N, and alfo the Aich AN, which is propor- 
tional (o the Tine. 

Let us CTpUin this by Examples in the Obit 
of Man. The Eetcntricity of this Othit is to iu 
mean Di (lance as 14100 is to 152369. Andthcrc 
fore the Logarithm of the Arch B, which is equal 
to S C it 0,724+446 : And therefore, if wc w»mi1A 
have the mean Anomaly, when the Anomaly t>^ 
the Eccentrick is one Degree, add the Lc^- Sine of^ 
I Degree to the Log. of B, [he Sum is 8,i)6<i29pir 
This being the Log. of the Number 0,092535 
exprefTes the Length of the Arch QN in decicoa 
Pares of a Degree. And therefore the Arch AN 
or the mean Anomoly, is 1,09253; or V* 5' 33' —1 
In like Manner, if the Anomaly of the Eccentricl*-*f 
be 3c<», to its Log. Sine add the conftani Log. o^|_^ 
Bi and the Sum will be o>4234i4(> ; which i^^^ 
rheLog. of the Number 2,651 ; and therefore tb ^^^ 
mean Airomaly A N anfwering to 30 Degrees o^^^ 
the Eccentrick Anomaly, is 32,651, or 52° 39' 3". -^ 
This Method is much quicker and eafier than tnac:^^^ 
which Kepkr gives j where, by an indire(fl Method,^^' 
and the Rule of falle Podiion, he (hews how to^*"^ 
compute the true Anomaly from [he Mean. ^^ 

Let us now come to the Method I promifed-^^ 
of diretSly finding [he true Anomaly from the:^^^ 
Mean. In the Figure, let the Arch AN be the-^^ 
mean Anotnoly, or proporuonal >o the Time i^^S 
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A (X. t'^c Anomaly of the Eccentrick which is fo Ledura 
*»e found. Call the Atch N Qj', and the Sine of XXIII. 
AN calif, and Co-fine /i and let the Eccentticity ^^V^i^ 
■6 C be £. The Sine of the Arch A (i_is equal to 
ittie Sine of the Arch A N — N Q_, equal to the 
^ine of the Arch AN—/. But we have demon- 
crated in the Elements of TrigommetTy, that if the 
of [he Arch A N be f, the Sine of the Arch 

N-^, orofACbwmbs.-£?-^if -gj 

»4 &c. But die Radius which is i, is to 

^ 1.2.3 + 

Ae Sine of the Arch A Qj as SC or£ is toSF or 

'" iff 
KQj that is to/: And thetefbre/^^* -- 

'•-i^ 4. i£ii J. ii^ &c. And theiefbre we 
1.2 Tt.i. J T^ 1.2.5.4. 

*.„;,=/+€£? ,4£ji_iti_ iill 

ftc. Lcts» = s, and i+Zs call a, — = h^ 

if ge 

-rr =if ; and ^1/. And the Equation 

^\ ' 1,2.34 ^ 



MU be in this Form z.^<*_)'-)-t_j'' — ■■ cy^ +*'/* 
Soc. And therefore) by the Method of Reverfion 
rf Scries, invented by Sir ISAAC HEWTQNy 

« have / = *7- r + 7 »* 



*- — r+~r— ^— r&c. But if Che Arch AN 
]be greater thao c)e Degrees, and lels tbitD iyo» then£ e 
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fSatn tf = I — ^/, and/ = ~— jp^ ;;;r&c. 

This Scries eiprcfib the Arch QN, the Pntf 
whereof the Radius is looooo: But to have ir in 
Degrees, and Parts of a E>egree, fay^ as die Radios 
is to this Series, fo is 57-29578, which are the De- 
grees of an Arch equal to the Radius^ to a Fbimb; 
confequently, fince the Radius is Unity, if we mul- 
tifdy the Series by 57.29578, which Numbec oS 
R, v/e fhall have the Arch / in Degrees and ded- 

Rz — RjJ J-Rrjt' 

mal Parrs =— t"^ 4. > &c. Tbevcry 



2 a 



Rs 

firft Term of this Series — \s fuflScienc to dcto- 

tnine the Anomaly of the Eccentrick in almoft d^ 
the Phnets, nearly enough. For in Marty the EnoT 
ieldom exceeds tne 200th Part of a Depct^ m^ty^ 
Earth ic is lefs than the looooth Part of a Decree ^ 
But ic will be bell to ihew the Ufe of this Methoc^^ 
by Examples. 

In the Earth's Orbit the Eccentricity is 0,01691, 
when the mean Diftance CQ^ is i. Suppofe we 
arc to find the Anomaly of the Eccentrick, and the 
equated Anomaly when the mean Anomaly is 30 
Degrees. 

The Log. of Eccentricity is — 8,22814;^ 

The Log. Sine of 30° ■ 9,6989760 

The Log, of R - " ■-» 1,7581226 



( 

< 

( 



d 

a 

? 

A 

re 
i 




The Log. of R » - 
The Log. of a fubftrad 



9,6852562 
0,0063157 



The Log. of the Arch y ^— 936789225 
To which anfwers the Number 0,47741, or in 
lexagcfimal Numbers 28^ 38^^ : The reft of the 
Terms don't amount to the looooth Part of a 
Degree, and mny therefore be neglcded. If there- 
fore from 30 Degrees we dcdudt xif 58'', we fliaH 

have 
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iaTe the Arch AQ_2go ^i' 22". In the Triangle Lefture 
<iCS, we hive the Sides Q_C, CS, and the An- ""^"' 
eleSCCL: Wherefore we Oiall have the Angle 
Q.S C. The Analogy is QjC + C S, or A S : 



CSQ,— CQS 



-CS, 

Tangent of -^ -^^" Therefore, if from 

rtie Tangent of half the Angle A C Q_ we fabftraft 
a conftant Log. 0,014(5893, we fliall have the Tan- 
gent of an Angle, which, added to half the Angle 
ACCi, gives the Angle CSQ_, or AS Q., which 
in the prelent Cafe, is 290. 3'. /'. But to find 
the Angle ASP, we muft diminilh the Tangent of PhtcXl 
the Angle A S Q^, in the Proportion of the bigger ^'E- i- 
Am of the Ellipfe, to its leller. Therefore, from 
ihc logarichmick Tangent of A S Q_, take away the 
conftanc Log. 0,0000623, which is the Log. of the 
Ratio of the greater Axis to the lels, and we fliall 
ha.ve the Log. Tangent of the Angle ASP; which 
Angle is equal to 15°. 2'. 54.''. Aid this is the co- 
equated Anomaly. 

In the Orbit of Jtlarr^ the Eccentricity is 14100 
of fuch Parts as the mean Diftance is 15231S9. And 
therefore, the Log. of the Rath of S C to C Qj is 
8,9665226 = Log. of£, Let us find the Anomaly 
of the Eccentrickj when the mean Anomaly is i 
Degree. 

The Lc^. of Eccentricity — 3,9663216 
The Log, Sine of i Deg. — ^ 8,24.18455 
The Log. of R ■ 1,7581220 



The Log. of Rz ■ — 

TheLog. of* fubflrait 

The Log. of —~ 



8,9662893 

0,0384299 



8,9278600 



Firfif The Number anfwering this Log. 

0,084697, and gives the Bignefe of the Arch N Q^^ 

and the Error is lefs than the 30000th Part of a 

U 3 SeeoTid'/, 
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XXIff^ ereo, sad I as lo £ai dae AaoEB^r of the 



The Lee. of Eccssridty 
Tbe Loi- Sr3C of 4.^^ 
Tfcc Leg- ct R 




TfaeLog^cfRs 

The Lo^ of « ubftxac 

R« 
ThcLog-of— — <VT4^S|af7 

To vhich anfTers the Namber 3>f iS9> wladb ii 
more than the Tnsb, by about ifoefa P«t at t 
Degree: Andtocorreft this Enor, take thefioool 

Term of the Series— — ^^ » whach 

wiQ be found equal to the FraSioa ojoo^, and 
fubftrad this from die firftj dicre wiD femam 
3,5124, which expreilb the Arch NQ^ true to 

the loocoorh Part of a Degree. 
Thirdly^ Let us find out the Anomaly of dieEc- 

centrick, when the mean Motion is 100 Degrees; 

In this Cafe i? = i — ^/= 0,983930. 

The Log. Eccentricicy, or of ^ 8,5^3226 
TTie Log. Sine of loco, or of 8c9 9>99335i5 
The Log. of R » 1,75 8 1220 

The Log. of R« ■ 0,71779^1 

The Log. of a fubftradl i 9599^9598 

R % 
The Log. of -^ — ^ f— -• o,7a483(f J 

The Number anfwering to this Log. is 5>3q68, 
which is greater than the Truth, by atout the yoth 
Part of a Degree ; and therefore, to coned this 

Prror, double the Log. of ■^, and to Ac Prodiidk 

R« 
>44 thp J-og. of — -, vA we (hall h^vc the Log. 

It 

of 
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o^f53, whofe Half 0,01276 is equal to ^ '• 
Thi* being fubftraifted from the former, there 
will remain S1284' ^^^ ^^^ ^^'^^ NQ_j which is 
not the looooth Pare of a Degree diftant from 
die Truth. Tis here to bcobferv'd, that though the 

fccond Term of the Series be — —j 

RsJ 
yet Ae Part of It — -7^ is Htf cient to detennbe 

AQ_truly » *e looooth Part of 1 D^ec. 
Havihg fouad die Arch A Q , or the An^ 

ACQ., we cotnpute the Angle ASO by the Re- 
Iblution of [he Triangle QCS, whofc Sides C^C 
and CS are given, wirii the Angle contained be- 
tween them i and then the Logarithm Tangent of 
the Angle ASQ_ is to be diminifhed, by talcing 
from it the Logarithm of the Ratio of the greater 
Axis to the left : And then there will remain the 
It^arithmick Tangent of the Angle ASP, which 
4s die true or coequaced Anomaly. 
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LECTURE XXIV. 

4» ISAAC NEWTONV St 
of Keplet'j 'Problem ; ami \ 
EUiptick Hypothejis explained.. 



n^t 



BUR' Method of Solution, exi* 
n the preceding LrSurf, and tfaa 
j Isaac Newton's dcJiyeredvl 
U in his Principles, pag. loi, m 
upon the fame Foundation i W 
that the right Line SFis equal in LdigA 
Arch QN ; Bat the Neiutouian Method is ta 
to that ufed by the Analjfl!-, when they ekt 
B,oots of affcLled Equations : And it is i 
more to be valued, that it nor only gives e 
Planets Places, whofe Orbits are nearly circi 
alinoft with the fame Eafe it may be ufed n 
mine the Comers Places, who have very cc< 
Orbits. And tiiis may likewife be perfortnetl 
Method, if inftead of the Arch AN, we n 
ther Arch A, more nearly equal to A Q_, 
pine is p; and inftead of making z=:g f, 
K^Sf-j- A— AN. And finding the Sine 
Arch A 4-;' we Ihall come to an Eqiiatior 
fame Form with the former, where z. ac 
much Icls, and confequently the Series will o 
jnuch f after. 

I will here explain the Ne-wtoniart Metho 
it is of great Life and Expedition, for the 
(hofe who are willing to calculate TTables up: 
piples grounded on the true Laws of Motio 
fiat upon abfurd Hypoihefes. 
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'\/ e. have already fliewcd chat if the Arch, Leftura 
Q_ be the Anomaly of the Eccentrick, that, to- XXIV. 
^.tfaer with the right Line S F lei faU from S ^'V^J 
" )n the Radius C Q_perpendicularly, wili be pro- " 
'donal to the Time when the Planet defceodsTab.xxiii 
am the aphelion to the Peribslion ; and the Dif-^'B- '■ 
rence between the Arch B Q_ and S F pro- 
Ttional to the Time, when it afcends from the 
'erihtlion to the j^phelios: And therefore,, if wc 
ikc [he Arch AN or B N proportional ro the 
imej the Arch QJH will be equal to S F, 
"herefore) to find in Degrees and decimal Parts 
le Meafure of an Arch in the Periphery which 
equal to S F : Say, as C Q^ is to C S, ib is 
7,19578 Degrees, which is equal to the Radius, 
.a s Fourth: This Number will exprefs ihe Big- '-" 

Uefs of an Arch in the Periphery A Q_B which is 
equal to CS : The Log. of this Arch call B. And 
becaufe SC is to S F, as the Radius is to the Sine 
if the Angle A C Qj, fay, as the Radius is to this 
Sine, fo is the Arch whofe Log- is B, to another, 
\ybich call D ; then this Arch D, will be equal co 
:S F. And therefore, if at the given Time, the Arch 
An and the Area ASQare proportional each to 
rfie Time, and I take NP equal to D, the Point 
"^ will fall on Q_: But if tbe Area ASQ_be noc 
litly proportional ro the Time, the Point P will 
either fall above or below Q,, according is the 
Area ASQ^ia bigger or lefs than the Truth. Lee 
the true Area be AS^, and upon C3 let fall the 
Perpendicular S E i which, by what we have already 
(hewed, is equal to N 5 ; And therefore S E — S F 



or S F — -S E, that is, nearly the Line L E, is equal 
to 5 P = QJ — Q^qGr Q^q — Q^p. Now, if 
the Angle QC^ be fmall, we have C E : C 5 



L E : C>j : : QP — Q« : Q_ j. And therefore 
CE + C^-. C? :: <iP :Ci_?. After the fame 
way, when Bf is lels than aQuadranL, C? — CE; 
Cf :: Q.P: Q.?- When the Planet is near the 
Afhilion or FerihcHon, C E becomes nearly equal 
to CSi and CCi+ C E is almoft the fame with 
^S : ^d therefore Q.P ; Q.f : : A S : AC, when 
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IxSam the Arcfa Af is lets than a Quadrant, but v 
XXIV B f is ids than a Quadrant, then as SB : C 

Q>:Q.f. Say, asCS:CO :: RtbcRidiujI* 
a Line L, and then C Q_= — > 

Radius is to theCo-fme of A C Qas S C : 
or C E, which are nearly equal ; 
_ _ S C X Co-ftne A Q , 
C E c= -^ -% whence 

Analogy QJ* : Qj :■- i-^^: '. — :a 



lels than « Quadrant : But if ic be ereater tl 
Quadrant, (y" wUI be to Q_j : : L — C 
A Q_^, L. And in this Manner, if there t 
Arch taken as A f , which is either a litde le& i| 
b^er than theTruch,we (hall find thcArcbAQ 
which is to be added or fubilra^ed ; fo chat t 
Area A S Q may be aearly proportional to ; 
Time. And if inftcad of AQ_we take anot! 
Arch A Q_, and argue as in the former ArcJi, 
/hall have a new Ay, nearer to the Truth: ^ 
by this Means, we (hall conftantly approach to il 
true Arch, fo that the Difference may be left I^ 
any given Quantity. 

There is no need of explaining this Medn 
any farther, we will only iliuftrste ic with F 
amples, in the Motions of the Planet Man, 
Mart's Orbit the Logarithm B, is o,7244446j a 
the Longitude L, is 108063 * of fuch Pans a" " 
Radius is 1 00000. 

L E T us find the Angle A CQ_, when the mei 
Anomaly or Arch proportional to the Time i 
only one Degree: Becaufe CS is alcnoft the tes^ 
Part of C A, I fuppofe A Q^ m be 0,9 Deg. ' 
is a tenth Part lefs than the mean Anomaly. , 
the Log. Sine of 0,9 to the Log. B, and t 
Sum is 8,9205465 = to the Log. of the Numbc 
«}08j.2Sij this Number eitpreues the Bignels c 
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^rch equal to SF=NP: And if the Arch 
^ had been rightly afliim'di AN — N P had 
equal to AQ_, and Q^P = o. But in the 
otCale, QP is equal 0,01671 ; from which, if 
; away its tenth Part, becaufe A S is greater 
A C) by about a tenth Parr, we (hall have 
s 0,01^04, which being added to ACi_, gives 
= 0,91^04.. 

fjr. Let the Arch AN, or the mean Ano- 
r be I Degrees; I fiippofe the Arch AQ^to 
F)8}i altnoll double of the former; and adding 
K Log. Sine the hog. B, the Sum is 9,22^6992, 
\ Log. of the Number 0,16911. And chin 
''ssO)00o69; from which, fubrtradting a rcnth 
» Q-f is nearly = 0,00063, ^"^ ^? ^i^V^^^t 
!ch is not the lOQDoth Part of aD^ree di^renE 
m the Truth. 
5<y/x, Suppose the Arch proportional to the 
Time, to be three Degrees, I take A Q_to be 2,74^ 
s=i,8j4-0'9i5^ ^"^ fo '" L°K' Sine, adding the 
Log. B, we have the Log, of the Number 0,25392 
= NP, and AN — N P =2,746:58, therefore 
Q_^ = 0,001 nearly, and A f =: 2,746 : So that 
by one Addition of two Logarithms, we have the 
Arch A q, true to the thoufaodth Part of a Degree. 

4*A//, Now if we Jhould not proceed by fingle 
Degrees, but were to find the Angle ACQ,, when 
the mean Anomaly is much larger; for Example* 
45*: I make my Sup po lit ion, that the Arch AQ_^, 
is 40 Degrees, and to its Log. Sine, add the Log. 
B ; the iium is 015520121, equal to the Log. of 
the Number 3,4081, which Number Tubftraifted 
from 45, leaves AN — NP= 41,5919, which 
exceeds the Arch AQ_by 115919- And theretbre, 
if we take as L + Co-fme AQ_to L, ifo 1,5919 to 
to aFourth, wefliallhavethe ArchQ^j 1,4865. And 
therefore A j =: 41,4865, which does not differ 
much above the choufandih Part of a Degree from 
the Truth. But wiihout this Proportion wc might 
have found A 5, by taking an Arch which is fome- 
yhat lefs than AN — NP, but nearly equal to 
(I, Suppofe we had made AQj=4i>5, and ad- 
ding 
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Ledure ^iag iu Lc^. Sine lo the Log. B we HuU b«ni^ 

XXIV. other ArchNP=j,5i52,whichfubftraaedfl| 

%/^^ A N gives 41^.863, for a new Af. Andf 

Arch is cafier found, than by the former E 

tioa j and befides, comes nearer to cbeTnttk^iti 

the iaft A q was. 

5''&/>') After having found A f , or the fl 
of tbe Eccentrick, 3iat aafwers to the 
Anomaly of 45 Degrees j if we fliould t 
proceed by Cnglc Degrees, by only one / 
lion of two Lc^arichmsr we may find ifae / 
majy of the Eccentrick, to all the followmg I 
grtes of the Semicircle, vix,. when the meui h 
tnaJjr is 4^ D^ces, I make A Q_lo be 4^ « 
adding its Lt^. Sine, to die Ijog. B, I fi 
AN — NP 42,4349,' to which, u I make c 
new A Q eqiul, I (nail have an A f , which is ri 
loooch Pan of a Etegree diftanc frotn the i ' 
Anomaly of the Eccentrick. So likewife, w' 
[he mean Anomaly is 47 Degrees, I take i 
45,56 = to (he former A 5 + the Licrement ti 
accrues to it, by adding a Degree : And addi 
[he Log-B, 10 the Log. Sme of 45,;<S, (he Sun| 
the Log. of tbe Number 5,6402, which fubftrada 
from AN,leaves AN — N P= 45,3598,equalg 
a Dew A f : And this Arch is about the loooc 
Fart of a Degree, diiferent from the true Anomi 
of tbe Eccentrick. 

6thlj, I F again, pafling over tbe ioterm 
Degrees, I would End the Arch A «, when ti 
. mean Anomaly is too Degrees ; I make A^ 
equal 96 Degrees, and adding its Log. Sine to tl 
conftant Lc^- B, the Sum is the Ixig. of the Nurf 
ber 5,275, and AN — NP= 940727- Their 
fore 1 put again AQ== 94,72, and aadir„ 
dier its Lc^. Sine, and the Log. B, I have the L , 
of the Number 5,285, which fubftra^ed froDliI 
AN, leaves A J = to 94,715. In hke maai>er|]l 
when the mean Anomaly is loi Degrees, I oakS'l 
AQ.95,71 •■, and I lind N P, to be 5,2756, which I 
fi^ftradted from loi, leaves A f 97,7244. And I 
bere againj if we proceed by D^cees, we &^\ 
have I 
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! 'is«: Cccentrick Anomaly, conftantly hf the Leduie 
"llooof two Lt^arithms, one of which being XXIV. 
'andy the fame> may be fet once down ia a ^^v^. 
: of Paper by iifelf, and the Labour iav'd of 
EqiKDtly tranrcribjng it. 

Let as DOW pafi to another Sort of Orbitj 
■bofe Eccentricity bears a great Proportion to its 
■D Diliance. For Example, Lee us fuppofe the 
Man Diftance, to be to the Perihe/ion Diftanc^ 
1 70 is to I ; and fuch is nearly the Orbit of 
t Comer, which Dr. HaUey firft found 10 com- 
at its Period in 75^ Years. Here A C or C Q» 
B mean Diftance, is 35,5,andCS is 34^^, of fuch 
s as S B is I, And the conftant Log. B is 
^^571^5. We mufl find the Arch B 5, when Tib. jnta., 
Ic mean Anomaly computed from the Ferihelion^fii- *. 
itaof aDegree. I fuppofe B Q_to be 0,35 : To 
I Log. Sine, add the Log. of B, and the Sum is 
lie Ijog. of the Number 0134015, which added 
> the Arch A N, makes ,35013. If this Arch 
d been only 35, BQ_had been rightiy taken; 
t the Difference is 0,00013. And therefore he- 
mic C B is to S B, as 3«;,5 to I ,- mulriply the . 
iference ,00013 by 35,5, and we fiiall have Q^j ^ 
,004615, and the Arch Bf= 0,354615; and 
the Error lefs than ,0033 of a Degree. Again, 
let the mean Motion be ,02, 1 put B 0=0,71, and. 
adding its Log- Sine and B together, I have the 
Log. of the Number 0,68998, and B N + N P 
= 570998 : The Difference is 0,00002 ; which mitl- 
tiply by Jjj^, and the Product fubftraited from 
BQ__, leaves 65 = 0,70921 and the Error is not 
greater than the lyaTro Part of a Degree. If the 
mean Anomaly be 0,03, I make B Q.= 1,06, and 
idding its Log. Sine to B, I have the Log. of 
the Number 1,03008,10 which addthcArch BNj 
the Sum is 1,060088, which is greater than B Q_^: 
Wherefore, if the Difference ,00008, be multi- 
plied by 35,5, and the Produd added to B Q_, 
We fliaU have Bj= 1,06284. In the fame man- 
ner, when the mean Anomaly is ,04, I fuppofe 
B Q. 1,4, and I find P N = 1,3604, to which 
adding 
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Le£hire adding ^4^ the Sum is i>4f04> which ezceedi 
XXIV. by 9000^ i multiply this Uifierence by 35,5, 
the Produd will be ,0142 =:Qjf> and th 
Bf£= 194.142. In dl thefe Examples^ the 
are very fmali, fcldom exceeding the loooch 
of a Degree. 

L E T us DOW find the Anomaly of the foj 
centrick> when the mean Anomaly is one Dqwl 
Here I make B Qj=s 20 Degrees, and addiq; iq|| 
Log. Sine to B, I have the Log. of the Numte; 
i5))0459 to which adding i the Sum is 2o^ft 
and is greater than 20 by ,045. And becauie ai.i 
this Example, L — Confide BQis to L^ as 1 is 9 
1 1,5 nearly : I multiply the Difiference ,04]; faf 
X 1,5, and the Produd 0,5 1 7^) added to B Q^ makei . 
20,5175. Therefore 2dlyy I tnake B 0^20,51, wi 
N P wUl be 19,5092 y to which, adding BN> die. 
Sum is 20,5092. And therefore, if die Difiemioc 
,0008, be multiplied by 11,5, and the Produfl 
90092, fubftradted from B Q^, there will rcmaia 
6^ = 2035008. 

La^lu Let the mean Anotnalv be aDegrees; I 
I put B Qj=: 30 Degrees, and then I find N P ' 
27,8j.^ to which adding 2, and the Sum is 29,8^^ 
which is Icfs than 30 Degrees : Multiply the JM" 
ference ,16 by 6,3, (for L— Co-fine BQ^is toL, 
as (J,3 to I,) and we have 1,008 =s: Q^ : And 
therefore, this Arch fubftrafted from B O^ givw 

' 5 En 



E 



B f = 28,982. Therefore, to corredt the Error, I 
>ut again B Q^t= 29 Degrees j and by a like 
VoceS, I find B^ = 28,9672. Having found the 

Tab.xxiL Angle A C Q^, the Angle AS Q. is eafilv fcwnd. 

Fij.5 6. i^or m the Triangle C^CS, we have the Sides 
CLC, C S, and the Angle QjC S : Therefore we 
ihall find the Angle A S Q^, and the Side S Qj 
then fay, as the greater Axis of the EUipfe is to 
its lefe, fo the Tangent of the Angle ASQ^, is to 
the Tangent of ASP, which will thereby be 
found ^ and it is the coequated or true Anomaly^ 
Again, fay, as the Secant of the Angle A S Q if 
to the Secant of A S P, fo is S Q_to S P, the Di- 
ftance of the Planet from the Sun. Or perhapit 

thelc 
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efe Things may be eafjer computed in this Man- Lefture 
.jr. Having the Arch AQ_, we have its Sine XXIV, 
i_H) and its Co-fine H C ; But we have S C, in fuch i^V^ 

farts as the Radius, or CQ_ia loooooi iherelbrc 
le have H S. Say, as the greater Axis of the EI- 
ipfc is to itj let, fo is Q^H to P H, which will 
bcrefbrc be given. In the reflangle Triangle PHS, 
re have alfo the Sides P H and H S, wherefore we 
an Bod P S H the true Anomaly, and P S the 
Jiftance of the Planet from the Sun. 
Because in the j^pbehons and FerihtUamf) the 
'oiats Q_and N, or the mean and true Place of a 
flaneE coincide; and in the firfl Semicircle oS 
Anomaly, the mean Place is before the true Place, 
m the fecond, the mean Pkce is behind the true; 
f wc have determined the Pofition of the Affides 
Bf the Earth's Orbit, we Ihall know the Tkne when 
Ate true and mean Place coincide. For wheo the 
Sun is obferved in that Point of the Ec^ptick 
where the PeTihelim is, then the Earth is ia the 
^fhelion. And having this Moment of Time, by 
^firmomical Tables, we iliall have the mean Ano- 
imaly for any other Timcj as likewile the Arch A N. 
I For thefe Arches are computed according to the 
Proportion of the Times, and are placed orderly 
h the Tables. Now having for any Point of Time 
the Arch A N, we have iliewed, how from thence 
■we may compute the true Anomaly, and the Place 
,of the Earth in the Ecliptick, to which the Place 
,of the Sun is always oppolite- 

Besides [he Theory of Kepler, according 
■io which the Planets do really regulate their Mo- 
•cions, there is another cllipiick Hypothef^s, which 
.bas been chiefly improved by two mod cclebra- 
'ted AAronomcrs, Ijmael BuUialduf, and Dr. Seth 
tjfard, formerly ProfeCTor in this Chair, and af- 
terwards Biihop of Selifimry, by v/hofe Pain* 
:^firo»omji has been much advanced. And firice 
this Hypothefis docs not want Elegance, and n 
JNeatncls in Geometry ; and beCdes, it admits of 
ma Ealioels in- computing, wc will here brieliy e 
pi: 
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Lcfture plain it. In this Hypothcfis with Kepler^ it is fui ^ 
XXIV. that the Planets Orbits arc Eliipfisy and thait 
have all one common Focus, in which the Sun 
fides. Moreover, they fuppofe, that each Planet 
move in the Periphery of its Orbit, in fuch a Mill*l 
ner, that drawiilg Rays or Lines to the other Focoi^ 
they defcribe Angles proportional to the Timet 
Thefe Things being fuppofed. Dr. H^srd ihewi 111 
elegant Method of (inaitig the true Anomaly from 
the Mean, having determined the Species of tbe 
Planet's Orbit ^ And it is as followeth. 
Tab. XXIII Let A P B be the Ellipfe which the Planet 
Fig.'i. defcribes, A P the Line of the ApTides, S the Fo- 
cus, in which the Sun is placed, F the others or the 
upper Focus, which is the Center of eaoil 
Motion. Let the Angle A F L be proporrional tD 
the Time, or be the mean Anomaly, then L will 
be the Place of the Planet in its Orbit, and die 
Angle ASL, the co-equated or true Anonudy. 
Produce FL to E, fo that FE may be equal tX) 
A P the greater Axis of the Ellipfe ; and therefore, 
fince by tneNawre of the Ellipfe, FL and LS are 
equal to the fame A P, then L E muft be equal tt> 
L S, and the Triangle L S E will be an Ifofceles 
Triangle ; and therefore the Angles E attd E S L 
are equal j and the exterior Angle FLS, being the 
Sum of both, will be the double of each, or double 
of the Angle L E S. Therefore, in the Triangle 
E FS, having FE and FS, and the Angle EFS, 
which is the Complement of L F A to two Rights, 
we can find the Angle E, whofe double, lis equd to 
the Angle F L S, which therefore will be known : 
But the Angle A F L, is equal to the two Angles 
FSL and FLS, and therefore the Angle FLS, 
is the Projlhaphjcrejis or the Equation, which is^o 
be fubftradted from the mean Anomaly, Or added 
to it, to have the true Anomaly. 

In refolving the Triangle EFS, having E F and 
FS, theAnalogyis JEF4. J FS:iEF~4FSi 
that is, as AS to S P : : Tang, f AFE : Tangent 
of I Difference of the Angles E and F S E j but 

be- 
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fc Ac Angle Ei^- = LSE, FSL is rheDifrb- Lec^re 
Whnact of theitegles E and FSE j whenffore the XXIV. 
p An^jb^fbund by chs Analogy, beir:; doubled: gives :hc v^^O 
p* Asfjc FSL, which b che cr-e .\ncr2alv. Xow :he 
I FnAice here is tiiizzzd': enivj tbrbeciule AS 
Md SP tre conffcan: Quan±ie»-, che Di:?erence of 
their Loguicfams is 1 coniiinci^m^iry; whererbre 
toven Number Ls ro be liA^i :a Leg. Tangen: ot 
ttdf the mean Aacmalvj md :!:en Wsrlhili have che 
^Tangent of hilf the true AnoiHaly . Moreover, in 
the irxaflgle L F S, having all the Angles, and che 
SUeSFj we can find S L che DLtance ot ±e P?anc: 
from the Sun. 

This Hypotheils of Dr. fTj^Ts is a very uleful 
Appnmihacidns and ier/es to iliorten the Calcula- 
tkttb and make it eaf/ : Bu: yec i: is ihll only an 
Approsimacionj and does no: cos:e up co the Truth : 
Wc will here ihew the Rea&n of i:. " Let A P B bephcexxuii 
the Qrbic of che Planet^ A QB the Circle circum- ^^s- h 
fcribed; the Arch A CLthe Anomalv of the Eccen- 
trick, add AN the mean -Knornaly. From the Cen- 
ter C draw N C, and QG parallel :o i: , the Angle 
QG A is equal co X C A, or the mean Anomaly ; 
mi CG will be nearly equil zo CS, b'-: a little 
lefithan it. For from the Fj;»j S, on QC let l^ali 
rile Perpendicular S F^ '^vhich we l"!ie-.ved before to 
he equal co che Arch QJS' : Bu: becauie the Arch 
QN is fmallj izs Sine '.vill be a:=::oil equil to the 
Arch i and therefore G O, a Perpeniic jllr on N C, 
vnSl be dearly ccuil :o S F, bu: ibnievrhiileii. Bu: 
die Triangles G O C, md S F C; are nearly e-^aian- 
golar, (for N C Q^, the D.f j: j-ce o: :'Ae Ar^-.e? 
GCO, and SCr^ ii v-y Lr.ii:: ar.i :h::;;-ore, 
becauie O G is aim >.t ccii zo S F^. b-j: 1 ii:de id's 
thaniCy CG wiJ be ai'cr-of: eq--iil :•? CS, bu: 
Ibmewbac lefj. 1 h? other F::us Jf the F.l'.ipfe then > 
muft be a little abo/e the Point G,, bv.: vjrv near 
-it; and if we drvr: from the Planer i Fiaci :he Line 
P L, paraUd to ("iG^ the Point L ^ill be likewiii 
above the Point G, but yet n::jt far diit.-n: f.om it j 
and therefore, the Point L, and the o:he: Fjcus of 
the Ellipfe, do nearly coincide. Bu: me Angle P L A 

X *i 
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I-,cifture is equal to NCA, the mean Ainmalia ; and the 
XXIV. Point L, nearly coinciding with ihe other F*r»f, 
^-^Sij chc Line diawn from P to the other Focut will tnak 
an Angle with the Axis, nearly equal to the Awle 
P L A, or N C A, that is, to the mean Anomiiy. 
Aud therefore the Atigles, a: the fupetior Fotts, arc 
Dearly proportional to the Times. 

Where the Angles NCA andQ,C A, orSCF^ 
differ but little from one another, that is, whaeiht 
AngleN C Q^, and the Eccentricity are but fmall, this, 
Points G and L, are nearly coincident with the fii- 
pcrior Foeus. And therefore this Theory is accmue 
enough to anfwer to the Motion of the Earth, wbofi 
Orbit is nearly circular : But in the other Plaoci^j 
and particularly Mars and Mercury-, it docs not d? 
fo well. And theretore, SuUialdus-, from fourPlicCI 
of Mars, obferved by T^che, in the firft and tlafd' 
Quadrant of Anomaly, found, that Mars was iiinhS 
advanced in his Orbit, than he ought to be b^ diil 
Theory. But in the fecond and fourth Quadrant^ 
Mart's true Anomaly was found to be leS than it 
fliould be, according lo thisHypothefis; andtherfr 
fore BulIiaUia gave it the following Cortefbon, 
Upon the Diameter AP, which is the greater A^ 
of the Eilipfis, defcribe the Circle A D P. Let AFE 
piiK-xxllL^g []](, mean Anomaly i through L draw the Linj 
's- *' Q_^LG perpendicular to the Axis, meeting with tM 
Grclein (Xl J°'" F(^, which cuts the ElTipre in T^ 
and T will be the Place of the Planet in its OiWfe 
anfwering to the mean Anomaly A F L. Now A^ 
Ai^le AFQ., anfwering to the mean Anomah 
A F L) is eafilyfound by taking an Angle whofe Tao; 
gent is to the Tangent of A FL, as the greater Axil 
of the Ellipfe is to the lefTer. And having the Aa*< 
gle A F CL, or A F T, the Angle A S V is foundi^ 
rhc fame Manner as before the Angle A S L " " 
found. 

The Calculations _we have here explained. Tup*' 
pole that the Species, or Forms of the Orbits art 
given, as likewife their Pofitions. We (liall after*' 
wards (hew a Way by which the Orbits of the other 
Planets are clc[erm.ined : But the Form and Poriciofl 
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bf the Earth's Orbit is to be found by the following I.efture 
Methods, Firft, obferve the apparent Diameter of XXIV. 
ihc Sun, as likcwife his Motion ■■, for when the Earth *, ~ " 
is in Its j^fbeiion, the Sun's Diameter is the leaft of 
all, and his Motion tloweft ; the Earth being there 
M the greateft Diitancc from the Sun. In the Pe- 
rihelion, it coming neareft the Sun, we Ihall obietve 
his Diameter to appear bi^geli. Let any right Line 
SP, rcprcfcnt the Perihilioa Diftance of the Sun ; I'latfXXln 
Say, as the apparent Diameter of the Sun in the ^'^- *• 
jiphelion is to its apparent Diameter in rhePcn^e- 
Aoj*, foisSP to a Fourth. In SP produced, take 
S D equal co this Fourtli, and it will be the jlphe- 
Hon Diftance; bifed P D in C, and CS will be the 
Eccentricity, and C the Center- Dcfcribe an EUipfe, 
whofe FacMt is S, and greateil Axis P D ; that EUipfe 
will be of the Cime Form with the Earth's Orbit; 
Rnd ibe Points of the Eclipticlc, where the Sun's 
Diameter appears the biggeit and the leaft, ftew the 
PolitJoa of the Afftdm., or the Aphelion and Teri- 
tiiim. But becaufe the Diameter of the Sun, in 
^pbelion and Perikelion, is fcarcely feen to alter 
"gnels for fome Days, it will be very difficult to 
'mine the Pofuion of the Affida, by Cbfcrva- 
ins made on the apparent Diameter of the Sun 
ly; and therefore, it will be better to find out 
; ^pbelioa, and Ferrheliart Diftances and Pofitions, 
obfcrving the Sun's Motion r For the^angular 
'docity of the Earth, and the apparent Motion of 
ic Sun, which is equal to it, is always reciprocally 
the Square of the Dii^ancc, as we have above de- 
onfttated. 

Therefore, to determine the Species of the 
illipfe, in which the Earth moves, we muft obferve 
Se apparent Velocities of the Sun when it is ereatcft 
tad leait. Call the leaft A, and the greateft B ; and 
fee any right Line S P, reprefent the FeriheUm Di- 
jjhncc : Say, as A is to B, fo is S P to atiotber Line 
■^ Produce S P to D, To that S D may be a mean 
__ 'roportional between SP andC; this Line S D will 
•teprefcni the Aphelion Diftance : And therefore, if 
*'* EUipfis be dcicribed, whofc Pscus is S, and irs 
X a greater 
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Leflure greater Axis PD, ilut Ellipfe will be of the lame 
XXIV. Form wiih the Earth's Orbit. For becaufe S P, S IV 
WY^H/ and C> are continually proportional, P S Iqinraj 
wUl be to D S fquare, as S P is to C, or ax A to $ 
thai is, as the Velocities. Moreover, if the Placdl 
of the Eclip:ick be diligently marked, where 1I16 
Velocities are greateft and leaft, in thofc PoitKS wiB 
the j^pfides be firuated. Laftly, If there be two 
PUcct of the Ecliptick oblcrved, where the Sii(^» 
apparent Velocities are equal, and the Arch of Ac 
Kcliptick between the two Places be bifefted, tbc 
Point of Bifeftion, and its oppolite, will ihew tte' 
Places of the Affides. But thcfe Methods requite 
Oblervations that are very nice and accurate, uck 
3S can fcarcely be made. 

From theTheory of Dr. Ward, we have a ( 
certain Method of finding the Form of the Orbit, by; 
threeObfervationsof the Sun, and marking theTlfflv 
between them ; which does likewife determine tb<^ 
pijMXXni.Pofition aitW.Af[idts. I.ct ABPDC be the Or* 
F'E- s. bit of the Earth, S the Fwwr in which theSun » 1 
placed, F the oiher Forwi: The Apjidtt A and P. 
Let B, C, and D, be three Places of the Earth in 
the Ecliptick, which are found by obferving three 
Places of the Sun, to whicii they are oppofite. At 
ihcCenierFjandDiilanceFM, cqiial to theereateft 
Axis of the Ellipfe, defcribe the Circle MHEL; 
and let the Lines F B, FC, FD produced, meet 
with the Circle tn the Points G,H, E. Draw lilte- 
wife from the Focus S, the Lines SB, SC, SD, H 
alfoSG, SH, andSE. Wehavc the AnglesBSC, 
BSD, and CSD, for they are meafured by the 
Arches of the Ecliptick, intercepted between the 
Points obferved. Bur, according to this Thcor)-, the 
Earth moves in the Perimeter of an Elliple in fuch 
a Manner, that it defcribe* Angles about the Fotus F, 
that are ptoporrional to the Times: And therefore 
we Hiall have the Angles BFC, BFD, and CFD, 
taking each of them fuch, that they may have die 
fameProportion to tour right Angles, as the Times 
between the Obfervations hive to the whole periodi- 
cal 
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C>1 Time. Moreover, twice the Angle FGS, that Leflure 
' theAngleFBSj is ihe Diftbrence of Che Angles XXTV. 

■ B, and A S B : This we diewed before. And ^ ■ 

^»e Double of the Angle FHS is the Difterencc of 
dbeAn^es AFC, and ASC; the Difference of the 
Amies BFC, and BSC, will therefore be equal to 
aFGS + aFHS. Bur becaufe we know the An- 
'es BFC, and BSC, we know likcwifc their Dif- 
rence ; therefore, we have the Sum of the Angles 
GS, and FHS. But the Angle FGS is the Dif- 
ference of the Angle? B F A, and G S A ; and the 
Angle F H S, is rhe Difference of the Angles H F A, 
andHSA: Whence both the Angles FGS, and 
FHS, will be equal to die Difference of the Angles 
BFC, and GSH. But we have the Angle BFC, 
and the Svitn of the Angles FGS, and F H S ^ and 
therefore we have the Angle GSH. In the fame 
Manner we can find the Angle G S E. Alfo, in the 
&me Manner, the Angle FES doubled, is the Diffe- 
rence of the Angles DF A, and DSA; alfo the 
Double of the Angle FHS is the Difference of the 
Angles C F A, and C S A. And therefore, twice the 
Angle FES — twice the Angle F H S, will be equal 
to the Difference of the Angles C F D, and C S D ; 
bat we have the Angles CFD, and CSD : And 
therefore, we have half their Difference, that is, 
FES— FHS. But the Angle FES— FHS, is 
the Difftrence of ihe Angles CFD, and HSE; 
and we hive the Angle C F D i wherefore, we have 
the Angle HSE. We have therefore, all the A n- 

Sat F, 'Viz. BFC, BFD, CFD, and all the 
Ics at S, viz. BSC, BSD, CSD; as alfo 
H, GSE, HSE. Thefe Things being laid 
down. 

Express the Line SH by any Number, f'«.' 
loooooi and produce E S, till it meets with the Pe- 
riphery in L, join H L, L G, and H G. In the 
Triangle H S L we have the Angle H S L, the 
Complement of H S E to two Rights ; And the 
Angle H L S, equal to half the Angle H F E, by the 
20th Prep. El. III. and the Side HS looooo; 
wherefore, we fliali find the Side S L : Then in the 
X 5 Tciw^Jt 
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Lcaure Triangle SLG, we have ihc Angle LSG, ibe 
XXIV. Complement of the known Angle ESG to two 
Riglit5; and ihe Angle SLG> being halt ihc Angle 
EFG, by the soih Prop El. JII. and the Side Sl, 
therefore we ftiall find SG. And again, in the Tri- 
angle SHG, we have the Sides SH and SG, and 
the Angle H S G i and confequentiy we fliall find 
iheSideHG, andtheAngleSHG. In thelfofcele* 
Triangle H F G, we have ihc Angle H F G, andie 
Bafe H G i wherefore, we ihall find the Side HF, 
which is equal to the greater Axis of the Ellipfc 9 W , 
alfo the Angle G H F, which being riibllra<aed froni-- 
the known Angle GHS, leaves the Angle FHS 
known. Laftly, In theTiianglcFHS, havingFH, 
and HS, and the Angle FHS, we Oiall find tba 
Side S F, and tlie Angle H S F i from which fubftraA- 
ing thcAngIeHSC = FHS, there will remain tho 
Ai^leCSF, whichniewsihePolittonofthe.rfftfi^. 
This Method does Tuppofe, indeed, that the An- 
gles at the fuperior Fotus be always proportional ro 
the Times, which is not true- Bur in rtie Orbit of 
the Earth, whofe Eccentricity is fmall, the Angla 
that are really defcribed ac thai Focsii difer fo little 
from the Angles that are proportional to the Time» 
that no fenfibie Error can arife from thence, in de-^ 
termining the Species and Pofition of the Orbit. 

The moft celebrated Afimnomer, Dr. EJmiiMd 
HaiUjy from whofe Labours j^Jiromtnyhas received 
great Improvement, hath contrived a Method which' 
depends on no Theory of the Earth's Motion : Fn»D 
which, by Obrervation alone, the Form andPolition, 
of the Orbit are to be determined. 
Tih.xxill. Suppose the Sun at S, A BC D the Ortit of tbi 
''B' *< Earth, P the Planet MarSi who for this Purpofe 

to be preferr'd, or chofen before the others. Firft^, 
Obferve the true Time and Place, when Mars is ixn 
Oppofition to the Sun i for then the Sim, the Eanl^; 
and Mars, are in one right Line; or if it faappenft 
(as it often does) thjc Mars has any Laumde, the' 
Siin, the Earth, and Mars his Place reduced to thi. 
Ecliptick, are in a tight Line. Let the Sun, ths. 
£aith, ai^d Marst have their Pisces iq the Poinry' 
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S, Aj and P, in the right Line SP. Since Mars his Lediure 
Period conlifts of 687 Days, after that Time, MaTt XXIV. 
will return to the Point Pi and feen from the Sun, W^^ 
fae will appear in the fame Place as before, in which 
be was teen alfo from the Earth : But the Earih does 
pot return to A, till after y^olDays; and [hercfore, 
mbsD Mars is in P, it will be in B, and will obfervc 
'^c Sun in the Line S B, and Man in the Line B P. 
By obferving the Places of the Sun and Mars^ we 
have all the Angles of the Triangle PBS. And fup- 
poling PS to confiit of looooo Parts, we can find 
the Dillance S B, in thofe Parts, as likewife its Po- 
fidon. After the fame Manner, when Mars has 
finilhed another Period, the Earth will be in C, and 
-We can find the Length of the Line S C, and its Po- 
fition J and likewife, by the fame Method, another 
Line SD, and its Pofition, may be obtained. And 
hj this Means we are come to this Geometrical Pro- 
blem : Having three Lines meeting in Ihe Pocas of 
on EUipfc, all given in Length antfPofuion, to find 
the Length of the tranfverfe Axis, its Pofition and 
■■the Diftance of theFo«: Which Problem, theGfff- 
ruters fliew how to conftrud; and we, in thefol- 
'lowing Ledures, will likewife give its Solution. 
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LECTURE XXV, 
Of the Equation ofTltAE. 



Motion, tbt Hj glgBEB L THOUGH Time be in its own Nature, 

Meafure of SSp^DD a real Quantity, as being endowed with 

T«n^ J^^bSi ^^^ chief Properties of Quantity, Equa- 

mBBtB lity, Inequality, and Proportion ; yet 

to nicafurc this Quantity, we mud have 

the Aid and Affiftance of Motion, as a Meafiire to 

eftimate and compare the Quantities ofJ^mes-^ and 

therefore Time, when it is confideredas meafurablCi 

marks out fome Motion : For if all Things were at 

reft, we could by no Means know the Flux, or 

Quantity of Tme^ and the Duration of all Things 

would go on without Perception. 

Ufitform But becaufe T^me conftantly flows equally, and 

Motion, th* in the fame Manner, to meafure it, we muft 

}X "' "^ake Ufe of fuch a xMotion, as is in itfelf fimple, 

uniform, and always going on at the fame Rate ; fo 

that the Body which has this Motion, at Icaft as to 

its Periods, may always keep the fame Force, and 

yet go thro' equal Spaces in equal Times. 

Tie Motions FoR commoti Ufe, \ye muft take that Mo^ 

"^ndM*"^ tion which is moft remarkable, evident to every 

TLjitt^' Body, and plain to common Senfej fuch is the 

Mtafures, Motion of the Stars, and chiefly of the Sun and 

Moon, which not only, by the common Confenc 

of all Mankind, are agreed upon for this Eflfeft, 

but by the Almighty and wife Creator of the 

Univerfe, are eftablimed for this Purppfe : For in 
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the Scriptures we read, that God faid, Let there be Le^rc 
Lights in the Firmament of the Heaven^ to divide XXV. 
the Day from the Night j and let them be for Signs ^^^^^ 
and for SeafoTis, and far Days and for Tears. And 
therefore, by the cekftial Motions, and chiefly by 
that of ilie Sun, are the Times righdy diftinguiflied 
and marl<ed out. Who therefore dare fay, that the 
Sun will tioc tell us Truth ! The Aftronomers are 
the bold Men who tell us fo ; for they, by their nice 
Search into Things, have found, that the Sun's appa- 
rent Motion is no ways equal; tliey obferve, that 
he now and then flackens his Pace, and afterwards 
quickens it ^ain : And therefoie Ej«a/7;Me, which 
goes on always at the fame Rate, cannot truly be 
meafurcd by the Sun's Motion, 

Hence the Time which the Sun's Motion T'fo pi- 
fhews, and which is called the Apparent Time, i^fi'"^""^- 
different from that Time, which flows uniformly J^^anj 
and always at the fame Rare, which is called by equal Time. 
ihe A^ronomert the True and EijualTime ; accord- 
ing to which all the celeftial Motions are to be 
eftimated, regulated and feided. For, upon the 
Account of the unequal Motion of the Sun, and 
the Obliquity of the Ecliptick to the .Equator, we 
have neither Days nor Hours perfedtly equal, as we 
fliall here (hew. 

The folar Djy is that Space of Time which 
pafTes while the Plane of the Meridian of any 
JPlace, paffing thro' the Center of the Sun by the 
Earth's Revolution turning round its own Axis, 
returns again to the Sun's Center; or it is the 
Time between one Mid-day, and the next which 
comes after. Now if the Earth had no other 
Motion, but that round its Axis, all the Days 
would be ex'aftly equal to one another, and to 
the Time of the Revolution round the faid Axis. 
But becaufe, while the Earth is whirling round ics 
Axis, it is alio going forward in its proper Mo- 
■'on Eaftward ; when any Meridian has compleated 
S Revolution, after having pafs'd the Sun's Center, 
I Plane will noc have then paffed through the 
Sun, 
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Ledurc Sun, as is plain by the Figure. For let the Son 
XXV. be S, A B a Portion of the Ecliptick ; let the Utt 
«^yVi\^ M D> rcprefcnc any Meridian, whofe Plane pm-' 
Tab.xxivduced, paflcs thro' the Sun when the Eardi k a 
Fis- «• A : Let the Earth proceed in its Orbit, and come , 
to B, while it has compleated a Revolution rouni ' 
its Axis ; and then the Meridian M D, wiU be in 
the Pofition md^ parallel to the former MD; and 
confequently, will not as yet have palled diro' the 
Sun> nor will the Inhaoitants under that Meri- 
dian, have had their Mid-day. But the Meriditt 
dniy with its angular Motion, tnuil ftill go oii,bfr 
fore its Plane can pa(s thro' the Sun, and maft 
dcfcribe the Angle ^B/. And therefore, all d» 
folar Days are longer than the Time of one Re- 
volution round the Earth's Axis. If the Planes of 
all the Meridians were perpendicular to the Fbne 
of the Earth's Orbit, and the Earth defcribed riuf 
Orbit with an equal Motion, after any Meridiiii 
had compleated its Revolution, becaufe MD and 
m d are parallel, the Angle dBfy would be equal 
to the Angle BS A, and the Arches ^/ and AB 
fitnilar : And becaufe the Times are always equal, 
the Arch A B, and the Angle dBfy would conftsmdy 
be of the fame Quantity, and all the folar Days 
would be equal to one another; and then the appi- 
rent and equal Time would agree. But neither of 
thefe two Cafes have Place in Nature,' for the 
Earth does not proceed in its Orbit with an equal 
Motion ; but in its j^phelion it defcribes a left Arch, 
in its Perihelion a greater. And moreover, the 
Planes of the Meridians are not perpendicular to 
Jt is prcved chc Ecllptick, but to the Equator : And therefore, 
fi^af ti>e So- ^\^Q 7/wr^ of the angular Motion dBfy which, be- 
™7r''' fides the intire Revolution, is to be added to the 
Space of a folar Day to compleat it, is not always 
of the fame Quantity ; whence the folar Days will 
not be equal. 
rhe fame is B u T pcrhaps this may appear plainer, if we 
Tfbe^apZ-P^^^ from the real Motion of the Earth, and con- 
,4f ' Motion uder the apparent Motion of the Sun , for it is 

oftbe Sun, by 
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^fais apparent Motion, that we meafure tht Apparent Le&ure 
And therefore you muft obferve, that the XXV. 
iral folar Day, is that Space of Time^ in which, LO/"^ 
the Revolution of the whole Heavens, which 
called the Revolution of the Trimum Mobile^ or 
^ tbe firft moveable Orb, the whole Circumference 
Jt|<iiF:Che i£quacor pafTes through the Meridian^ and 
firijKo fo much more of the fame Circle, as anfwers 
^^ tp the apparent Motion of the Sun to the EaiOt, in 
T. nae mean while. 

:." , But the Arch of the ^Equator paffing *ro'^^ *«»'?»' 
V WB Meridian, is not always equal to the corre- tbe^aZk- 
. fijondent Arch of the Eclipcick, which pafles thro' tor are not 
. wc fame, in the fame Time j but is fometimes big- J"''^ fo f^ 
,Mr9aad fometimes lefs than it, even tho' the Sun's ^^^^''"J;;^" 
' Idodoa were equal in the Ecliptick : The DiflFerence EcUptick. 
between them arifes from the oblique Pofition of 
tbe Ecliptick to the iEquaror, as is plain by theTab.Xxrv, 
figure. Suppofe Y S a Quadrant of the Eclip-**^' *' 
tin, and T E a Quadrant of the ^Equator. Sup- 
pofe the Arch Y A to be one Degree, which is 
nearly equal to the diurnal Motion of the Sun in 
the Ecliptick; for this mean Motion is 59' 8''. 
Let A B be an Arch of the Circle of Declination, 
paffing thro* the Sun in A, and intercepted be- 
tween the .^Equator and the Ecliptick. In the 
right-angular Triangle Y B A, having the Side 
T A I Degree, and the Angle A T B, which is the 
Inclination of the Ecliptick to the ^Equator, and is 
nearly 23 J Degrees, we fliall find the Side Y B 
55' 1'', almoft 5' lefs than the Arch T A. Again, 
Hippofe the Arch of the Ecliptick Y C 850. From 
thence we Ihall find the Arch of the iEquator Y D> 
88p, 54"^ 34^' ; but when the Arch of the Ecliptick 
Y S is 90 Degrees, then A E, the correfpondenc 
Arch of the ^Equator, is alfo 90 Degrees. And the 
Difference of the Arches Y C, Y D is lo 5' 26'^ 
And the Difference of the Arches of the ^Equator 
T B and D E is lo'' 25^"^ altho' the Arches of the 
Ecliptick y* A and C ® , which anfwer to them, are 
^qual. From which it is evident, that the Arches 
^ ' of 
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Le£Vure of the iEquacor, anfwcring to equal Arches of Ae 
XXV. Ecliptick, are unequal : And therefore the diunil 
^^^N«# Arches of che ^Equator, which pais through the 
Meridian, are uneaual ; but they tneafiire the fite 
Days : Wherefore the folar Days are unequal. 
Tie feeond D u T thc Obliquity of the Ecliptick is not the 
Canfe ef the only Caufc of the Inequality of Days^ for the 
Xy^aitty y^^y apparent Motion ot the Sun in the Edipdck 
^ *'^'* \s unequal ,• for he proceeds more -flowljf) and 
ftays longer in the Northern Signs than in the 
Southern, by eieht entire Days : And therefore^ if 
there were no Obliquity of the EcHptick, by this 
Caufe alone, the diurnal Arches of the iEquator 
could not be equal. And therefore, their Ineauality 
will be much greater, upon Account of thele two 
Caufes concurring together,- that is, the unemud 
Motion of the Sun, and the Obliquity of the fec- 
lipcick, which tho' they are fometimes contrary 
to each other, and fo diminifli the Inequality^ as 
it happens when the Arches of the ^(juator de- 
creale, on the Account of the Obliquity of the 
Ecliptick, but by Reafon of the Sun's approaching 
the Ferigaan they increafe, and on the contrarj: 
Yet fometimes thefe two Caufes concur to' in- 
creafe the Inequality, and neither of them depend 
one on the other, but each of them by itfelf has its 
Effeft. 

Since therefore the apparent Motion of the 
Sun to the Eaft is unequal, it cannot be a fit 
Meafurc of Timcy which fliould always go on at 
the fame Rate. And therefore the natunu and ap- 
parent Days are no ways to be applied to meafure 
the ccleftial Motions, which do not depend upon 
the Motion of the Sun : Therefore the Aftronamefs 
found it neceflary, inftcad of thefe folar Days, to 
fubftitute in their Place others that were equal, 
and a Mean between the ihorteft and the longeil; 
and by them to diftinguifli the celeftial Motions. 
And when thefe Motions have been computed 
according to the Equal Timcy it is neceOTaty to 
turn that Time again into the Apfsrent Ihney 
that thefe Motions may be obferved by us who 

meafure 
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bcafure and number our Timet, by the apparent Lefture 
Boiion of the Sun. And on the contrary, if any XXV. 
^pearance in the Heavens, as for Example, an Ec- ^v^l 
pfe, were obferved according to the yippartnt 
te, and according to it the Afironomkal T»h]es 
e to be examined, to fee if they did agree with 
r not; it will be neceflary to turn the Apparent 
t jnro Equal Time, otherwife the obferved Pha- 
wn, will differ from that which is found by 
Jbmputation. 

Because we know no Body in Nature, 
which prefervcs conftaniiy a perfect unifortn Mo- 
tion i and yet fuch a Motion, is only proper to 
meafure equal Days and Hours ; it is convenietit 
to imagine fome Body or Star, which movci; in the 
.Equator Eaftward, and which oever quickens or 
flackens its Pace, but goes thro' the Equator, in 
precilely the fame Time, as the Sun fini/lics his 
Period in the Ecliptick. The Motion of fuch a 
Star, will righily reprcfent equal Time, and its diur- 
nal Motion in the ^Equator will be daily ^y' 8", 
the fame as is the mean Motion of the Sun in the 
Ecliptick : And therefore, the equal and middle Day 
is to be determined by the Arrival of this Star to 
the Meridian, and is equal to the Time in which 
the whole Circumference of the jEquacor, or 'x.Sa 
Degrees, paiTes the Meridian ; and belides that 5 9' 8"; 
And becaufe this Addition of 51)' 8" always remains 
the lame, all thefe mean Days will be conftantly 
equal to each other. 

Since the Sun goes unequally Eaftward ac- 
cording to thej^quator, fometimes it will come to 
the Meridian fooncr than this imaginary Stjr, and 
fometimes he will touch it later than it doesj and 
the Difference is that which is between the Ttm 
and Apparent Time. And this Difference is known 
by having tlie Place of the imaginary Star in the 
.Equator, and the Point of the ./Equator, which 
comes to the Meridian with the Sun ; for the 
Arch intercepted between them, being converted 
into TJfflf, (hews the Difference between Equal 
and Appartiit Timei which is called the Equation '^' Eq^ai!- 
" ■* rtnof Time. 



ii 
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Lcif^urc ff Time. AnJ ic is the T^me that flows, wWkl 
XXV. the Arch of the -/Equator intercepted between tbi 
Point determining the Right-Afcenfion of the Soil 
and the Place of the imaginary Star pafles the Mfr* 
ridian. 

Let iE Q, be a Portion of the EquinoAid| 
EC of the Eciiptick, in which imagine S to be 
the Place of the Sun, S A a Circle of Declim- 
tion palTing through the Sun, and meeting widi 
the Equator in A, which will be the Point which 
comes CO the Meridian with the Sun. Suppofe 
tn to be the Place of the imaginary Star, micb 
performs its Period in the iEquator, with an equd 
Motion: And when the Sun has arrived at the 
Meridian, our imaginary Scar will be diftant from 
ic, by the Arch m A y and if the Point w, be Eaft- 
ward of the Point A, it will come later to Ac 
Tab. XXIV Meridian than it, and che apparent Time will be 
*"ig- h 4. fefter than the mean ; but if the Place of the 
Star w, be more Wefterly than A, it will fooner 
arrive at the Meridian, and the Apparent Tim 
is flower than the Mean. And the Arch of the 
iEquator A «;, converted into Ttme^ is the Equa- 
tion ^ which being added to, or fubftra&ed from 
the Apparent Time, gives the true, according as 
the Point ?n is to the Eaft or Weft of the Point 
A; and then we have the true Time, For to 
know the Pofirion of the Point A, in relpedl of Wj 
TU Equati- and the Quantity of the Arch A m^ take in the 
on of Time ^Equator the Arch Y ^ or ^s^ equal to the Y S 

'twfpafts ^^ ^ ^ ^" ^^^ Ecliptick ; and then the Arch s «r, 
will be the Diftance between the true and mean 
Place of the Sun, which therefore is given by 
the Sun's Anomaly; but the Arch Aj is the Diffe- 
rence between the Hypothenufa Y S, of the right- 
angled Triangle T S A, and its Side or Bafe T A, 
which may be found by Trigonometry, Moreover, 
the Arch A w is equal to either the Sum or Diffe- 
rence of the Arches A s and s m., and therefore 
when they are known> the Arch A ^ will be like- 
wife known. 

Moreover 
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the firft LeOure 
XXV. 



I 



lird Quadrant of the Ecliptick, the Point s 
)on theEaft*fide of ihe Point A : And ihere- 
: tlie Arch A s, being turned into Time^ is to be 
rafled ; becaufe the Point S comes later to 
Meridian than the Point A does. But in the 
..id and fourth Quadrants, the Point / is more 
I'cftcrty than A, and arrives at the Meridian be- 
■e it: And therefore, the Arch ks, turned into 
is to be added, to get the Time when the 
imc S arrives at the Meridian. Suppole, for Ex- 
iple. Ax be two Degrees, as it is when the Sun 
in the aoth Degree ot y ; this Arch, turned into . 
■ ' " Minutes : And therefore, we muft add 
to the Apparent Time, to have the Time whea the 
unt S comes to the Meridian. 
Moreover, in the firft Semicircle of Ano- 
laly, that is, while the Sun in this prefent Age, 
goes from the feventh Degree of s, to the fe- 
venth of Xf, the mean Motion of the Sun is 
greater than its true Motion; therefore, then the 
middle Place precedes the true Place. And there- 
fore, in all that Semicircle the Point m will be to 
the Eaft of the Point s^ and the Arch m y, turned 
into time, is to be fubftraftcd from the Time 
that the Point S reaches the Meridian : But in the 
other Semicircle of Anomaly, after the Sun has 
left the Ferisiean, or rather the Earth the Perihe- 
lion, the mean Motion is lefs than the true, and 
then the mean Place follows the true ; and confe- 
quently, the Point m is to the Weft of the Point 
S, and comes foouer to the Meridian than ic 

_, And therefore the Arch w s, turned into 

'JBrae, is to be added to the Tme in which S 

touches the Meridian. Having now the Diftancc 

of ThMi between the Coming of the Point w to the 

Meridian, and the Coming of the Point S to the 

fame; as alfo the Diftance of rwf, between the 

Arrivals of the Points s and A to the Meridian, 

fliall have the Diftance of Time, between the 

imiDg of the Point m to the Meridian, and of 

the 
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L'o-'Viirc the Point A's Arrival to tbe Gtme; chtt is, weflnll 
XXV. have the Difference bcrft'cen the Affmrmt mattnk 
K^s^^^ 7i«re, which is ihc Equation of Time. 
Ttv9 Tah:*t For the equating of Ttme^ the A firommm 
>: '^'■"* coinpofe two Tables ^ one for the Arch sm^ ydnch 
""' 15 to be en:ered into with the Anomaly of the Sun: 
And if the Point m be Weftward of^ the Point x, 
they mark it with -|" ^r the Sign of Addition; but 
if it be on the other Side, they place — - or of Siib« 
ftradlion. The other Table is for the Aich t A| 
which 13 the Difference between the Place of die 
Sun in the EcLiprick, and his Right-Afcenfion. And 
the Equations of this Table are likewife marked 
with the Signs of Addition or Subftrafiiont as die 
Point / is to the Weft or Eaft of the Point A. 
The Sum of thefe two Equations, if they be of die 
fame Kind, that is, both to be added, or both to be 
fubftraftcd; or their Difierence, if their AfiediODS 
be of different Kinds, make up the abfolote Efv 
tion of Time. 
TU Tempo- The Artifts likewife make a Table compo&d 
rary Tgiie. of boih thc fotmcr; but it will onlv ierveibra 
Time : Yet it may be ufed for a whole Age widi- 
ou: any fcnlible Errors for the fame Degree of 
Anomaly keeps nearly in the fame Degree of the 
Ecliptick'5the Space of an Age: And therefore, for 
thc Space of 50 Years thefc two Equadons may 
be joined in one. But becaufe of the Preceflion 
of the Equinoxes, the Sun's Apogaany in Procefi 
of T'imc, changes irs Place in the Ecliptick, and 
goes flaftcrly with the Fixed Scars : And there- 
fore, in different Ages, the fame Degrees of Ano- 
maly will fall upon different Degrees of the Eclip- 
tick : And therefore, one Table will not fervc for 
all Ages. 
jncn the The imaginary Star, by whofe equal Motion 
fiar Days we meafure Time, goes conftandy and unifbrm- 
^'/i^'" "" ^' ly forward to the Eaft : But the Point A, which 
t^VaJ" determines the Right- Afcenfion of the Sun, and 
marks out the apparent Time, has as it were a 
Libration, or goes backwards and forwards in 

refpcA 
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\oim: Sometimes it gets to the Eaftoffft] Lecture 
3 Ibmeiioics is to the Weft of it, and fometimes XXV. 
oincides with it. And therefore, when the Point t^VNi 
\ has its relative Motion in rerpc^ of m Eaftward, 
die Point A is more Eail than the Star m, and then 
Idle Days are longer than the mean Days, which are 
mcaTured by equal Tirne ; and the fofter the Point A 
noes to the Eaft, fo much the longer are the folar Days : 
'or, bcfides the Revolution of the whole Heavens, 
the Arch lo be added, to matce up the folar Day, is 
reater ; bccaufe the Point A goes a greater Space 
Award. Hence it follows, that 3S foon as the re- 
Kivc Motion of the Point A begins to be Eaftward, 
he fcriar Days begin likewife to be longer than the 
icaa Days. I fpeak of the relative \£)cion in re- 
ard of the Point mj for the abfolute Motion of A 
I always Eaftward : But when, the Point A, is gone 
I &rtheft Diftance from m to the Eaft, then it 
s to come back again to m, and has its relative 
VIoiion Weftward : But before that, the Point A 
will be for a while ftationary in refpeG of «, in the 
Ltiuddle Time between its Recels and Accefi- andW**"'** 
then the folat Days will be equal to the mean Days JtJ^^^, 
,«nd in thefe Points the Equations will be greateft. «„ (pmA 
-When the Motion of the Point A, to the Eaft, is 
quickeft, there the Days become the longeft j and 
^here it is the (loweft, that is, where the Motion 
■jre^tive to m is Weftward, and greateft, there the 
Oays are ihorteft. In the prefent Age wherein we 
ilvc, when the Sun is in the lotb Degree of ScarpiOf 
• fije Point A is at its iarthc ft Diftance from m to the 
Weft of it ; and its Diftance then amounts to 
l^o a' 4,5", and therefore the greateft Equation iDJrtaiit 
Time, is 16' 11". From thence, the Days begin to';""?^'*' 
increafe, till the Sun comes to laj Depee of ■^f"'*- eIm-^— 
riot, where it has gone to itsfartheft Diftance from«r(£ 
M Eaftward, it being there removed 3 Deg. 4ai 
Min. whence the greateft Equation of Time is 
14,' «o": And from thence, the relative Motion of 
the Point A begins again to be Weftward, till the 




jjs ASTRONOMIC A L 

htSnat Bk/?*, nnii there the Point A is removed from 
XXV. Deg. 1^ Min- lo the Weft of the Scar », and the 
^^Y^ grcareft E-^uathn of Time is 4.' 6". Thence it re- 
curns ^ain tJ m, and moves Eaflerly, till the Sun 
cotnes into the \i Degrees of the L/ow; where A 
is diAant from >« i Det- 28^ Min. and the grcaicft 
^oaatiotr of Time is 5' 55" : And from thence m 
Motion begins to be to the Weft, till the SUn xtriva 
Mthe lothof thcScerpiint; andthereaboutsitdiangSS 
its Courfc and goes Eaftward. h is plain, that when 
the Points A and w coincide, chat there [he meao 
and apfarint Time muft lilccwife coincide. Hence, 
if we have a Pendulutn Clock, accurately and nicely 
fitted, and the Motion of the Hand fet to eqaal or 
tfie Time, the Hand of this Clock will alwsys poinc 
due thc77wpdiflerenc from the folarTlwjp fhewedby 
a Sun-Dial ; except four Titnes a Year, which u 
ibolit the 4,th of Aprily the 6th of y»af, the 3oth 
of Ai^itfl-, artd the 1 5th of Deermhtr. At all other 
Timcj!) the Hour, by the Sun-Dial, will either be 
before, or later than that (hewed by the Hand of 
the Clock; And «bout the ajd of Ofht^r, the 
Oock ^vill differ moft of all from the Sunj 
where its Motibn is flower than the Iblir 7S»f by 
16' 11". 

If you inquire in what Points the Ejtrathnt are 
the preateft, the eminent Dr. Edmund tiuUey, who 
for his great Invchiions is never to be mentioned 
by Aflronomsrs without Honour, has given us riH 
»)lilrion of this 'PrbUrin. But to underftand it> ^ 
muft firft lay down the following Lemrat. 



LE.M M M A, 



TF my pldht Figure he prajected orthographical 
en a VUnt; which is doM by hitixgf ally from eve¥fi 
Tchtefitj TerpevdiciiUn 071 The flofie of Prajeffinr^ 
the Ares of that Froje^ion of the VigWt, •aiU be *»> 
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tht Figure prsjeffeJ^ as the Co-Jins of the lueUnatisa Lefture 
tftht Planes is to the RaSus. XXV. 

For. any Figure can always be refolved into Pa- 
Tillcli^rams, or Trimgles, whofe Bales are parallel 
to the common Scifiion of the Planes ; and there- 
fore, (hey will be parallel to the Plane on which 
Ijxy are projei3:ed : Whereforcj the Bafes of thefe 
Fanllclograms, or Triangles, and their Projeditiotis 
on the Plane, are always equal to each other, and 
parallel] as we have Ihcwed in LeSure XIII. But 
'ihe PcTpendiculars let fall from the Summits, or 
Tmg of the Triangles, and Parallelograms upon the 
BafeS] *rc alfo perpendicular to the common Seiftion 
Of the Planes, by the 29th of the firft El. And 
therefore, the Inclination of the Perpendiculars to 
^ Plane is equal to the Inclination of the Planes 
10 each other. And confequentiy, the Proje(9:ioiis 
,of thcfc Perpendiculars will be to the Perpendicu- 
lars themfelves, as the Co-line of the Inclination of 
die Plane is to the Radius. Wherefore, every Pa- 
rallelc^rAtn) or Triangle, is projected into ano±erj 
whole BaTe is equal to the Bafe of the Triangle, or 
Parallelogram projedhed j and its Height is to the 
' Height of the Figure projedted, as the Co-fine of 
the Inclination of the Planes is to the Radius. Bu: 
Tnaogles, and Parallelograms, whofe Bafes are equal, 
are es the Perpendiculars let fall from the Tops upon 
the Bafes. The Projeftion therefore, of each Tri- 
angle, is to the Triangle projedted, in a conftant 
and given Proportion i confequentiy, all the Projec- 
tions of all the Triangles, or Parallelograms, are to 
the Figures projected in the fame Proportion i thac 
is, the Projeflion is to the Figure projedcd, as the 
Co-fine of the Inclination is to the Radius. 

If the Orbit of the Earth be onhographically 
projefted on the Plane of the .^uatoi , by letting 
tali from each of its Points Perpend xuljrs, the 
Projedlion will be an Eliipfe, in whofe Pcrimercr 
the Exnemity of a right Line, let fall from the Earth 
perpendicular to the Plane of the .^uator, will 
Y 2 conftantly 
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I^e&ire conChndy move: And ihis Point, by its MoEjoiri 
XXV. will ciMK ouc the righc Afccnfion of the Earch) of 
/ its Motion, according to the jEquacor, as it b co be' 
fccn from the Sun ; to which the right AfccnGoa' 
of the Sun, fccn from the Earth, is alwi^ equate 
PI., xxiv. Let V A ss C be the Eilipfe in, which the Orbit oP 
*■'(■ 5- the Earch is projeifled, S [he Point of ProjeAioD of 
the Sun's Center, y S i^ the common Interrcdion ' 
of the vEquitor and the Ecliptick, A any Pomt^ 
where a Perpendicular from ihe Earth meets wiA 
the Projeiliort \ The Angle T S A will meafure d* 
right Afcenfion of the Sun. Now, I lay, that thifr" 
Point Aj which marks ouc the Motion of r^P 
Afcenfion, will fo proceed in thcEUipfe T AfiC^-' 
ttat ic will defciibeatout the Points, diipcick AreaV 
proportiona) to the Times. For, in a given Tim^ 
let A move through the elliptick Arch AB; dra* 
the Lines AS, and BS; and the trilineal Figure 
A S B will be the Projciiion of the correfpondair 
Area, which the Earth defcribes in the Plane of tht 
Ectiptick, in the fame Time, round the Sun : Ami 
therefore, the ProjeiSion A SB, will be to the cor- 
rerpondcnt Area in the Earth's elliptick Orbit, as the' 
Co-fine of the Inclination of the ^Equator, and the 
Eciipiick, is to the Radius. But in the fame Pro- 
portion ii the whole elliptick Area T A a C, to the 
whole Area of the Earth's Orbit: Therefore, by 
Permutation of Proponion, the trilineal Figure= 
A S B will be to the whole diiptick Area T A sa C, . 
as [he Area, defcribed in the Earth's Orbit round the' 
Sun, is to the whole Area of the Earth's Orbit ^ 
that is, as the Time in which that Area in the Orbic' 
of the Earth, or cbe Area A SB in the Projection, 
as defcribed, is to the whole periodicil Time.- 
Therefore, the Point A moves in the Perimeter oF 
the Eliipfc ar fuch a Rate, that ic defcribes, about Si 
Areas that are continual!)' proportional to iheTimeft 
The fame Things being laid down ■, at the Ceoter* 
S, and Diftance S A, which is a mean Proporrionall ; 
between half the' greater, and half the lefler Axis of ; 
the Eilipfe, dercribe a Circle ; tiiis Circle will be 
equal 
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equal to the whole eiliptick Area ; as it is eafy to de- Leisure 
monftrate from ihe Doctrine ot ihe Coni<k Seiliom : XXV, 
Thi^ Circle will cur the Elliplii in four Points "-^v^^ 
E,F,G,H: The Points of Inierfeaion (hew theP!«-WV. 
right Afccnrions of the Sun, where the Equations are*"'^' '* 
greatell. Imagine a Point M, to move unifbroily 
in the Periphery of the Circle ; ics Motion will thqo 
fcprclcnc the Motion of our i^Tl3n;^na^y Scar w, 
nd will defcribe about the Point S, circular Sefiors 
thai are propornoi\al to the Time : And becaufe the 
Aret of the whole Circle, and the Area of the 
HlqHe, are equj,'the Area's of the eiliptick Seftors, ■ 
and of the circuJar SetSfn, defcribetl in the fame 
Time, will be conftamiy equal. Let us now fup- 

gife, that the Point M, in the Periphery of the 
ircle, and the Point that tnarlts out the Sun's 
i^hc Afcenlion in the Ellipfe, be placed at the fame 
TTimc both in the righc Line SLM. Let thde 
Poiocs afterwards be in m and A, then the eiliptick 

■ Area LSA will be equal to the circular Sedtor 
MSm: And becaule the Arch Mot is without the 
EllipTc, the Angle M S w will be left than the Angle 
Ms A) and the Difference of the Angles meafured 
by the Arch m A, which is the Equation of Time. 
When the Point, which marks out the right Afcen- 
fion of the Sun, comes to the Interfeaion F of the 
Circle andElIipfe; there its angular Motion round 
rfie Sun will be equal to the angular Motion of the 
Point "» i for the Area's »» S w, and ASF, are equal, 
tftey being both defcribed in the iamc Moment of 
Time, and at ihe Time Diftance from S ; and con- 
fequemly, the Arch jF, is equal to the Arch mm. 
In the Point therefore, F, the Motion of right Afcen- 
fion, is equal to the Motion of the imaginary Star, 
or equal to the mean Motion. The fame Thing 
tnay be /hewed at G, Hj and E : But it was lliewed 
before, that where the Morion of right Afcenfion 
vas equal to the Motion of the Point m, that 
there the Equations are greatcft. Wherefore, in 

■tfie Points F, G, H, and E, are the Equationi 
ereateft. 

y 3 If 
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J^eflure If ytw inquire in wh« Poims the Diys « 
XXV. longcft or Ihortcftj ihc ftme eminent Di, Haikj 
'l^V^j'^^ "Mo given u^ a ^eomeirical Solution of d~ 
tTbiAMr. Prttiem Let T S ■£: V be the Eltipfe inio wWi 
'J* t"""^':J^..he Eanh's Orbit l? fr<ije<Scd, and S the Point 
^fttrlibt" 'he Son's Center, K the Center of the Ellipfe. Pro? 
Dayiit, (jucc KS ofi cacH Hand, fo that KG and SH, 
*='fO*. "^ niay be to KS (which is the ProjcifJitjn of the Ec- 
Otnrj. ccntticityj as the Square of the Radius is to the 
PI11.XXIV. Square ol the Sine of the Obliqjity of the Ediptick: 
'«- 7- Thro' K draw T '^ parallel to the. common Sedioo 
of the .^uitor and Ediptick, and cut it at right 
An^es widi the Line » K W : Thro' G draw G F, 
and thro' H, draw FH, parallel to the Lines SW 
and T *i and thro' S ana Kdefcribe the Hyrertx)la 
A B, whofe Afymtots are F G, F H Thb Hyper- 
bola, and its oppolite CD, will cut theEllipdciadte 
Pointsthat are required ^ that is, when the San it 
m the Points of the Ediptick which correfpood widi 
B and D, then the Da3's are the longeft; and in B 
the Days are longer than in D : But the Points of 
Ae Eclipticlt, which anfwer to A and C, give 
rhe Places where the Days are fhoneft. The T 
mooftration of this depends on the Motioo of 
Point that marks the right Afcenl'ion of the 
round S ; for it dcfcribes about it Area's ihn 
proportional to the Times Therefore, the ang 
Velocity is every where rcciprocuUy as the Squi 
of the Dillance fromS; conlequcnrly, the Vc 
ties inutl be greateft where thefe Diftances ane leaftj 
thatis, where the lejfh Lines ;hat can he dittwn 
S fall upon the Eiit-fe; and the Velocities are ,__, 
leaft, where the Lines drawn from S to the EUipfil 
are the greateft : But by the Conftruciiion, and tbfcj 
62d Prop. Lib. V. of J^pe/Iuwius's Conicit, ir is evHi 
dent, that the Hyperbola's will cut tfae Elhpfis 
the Points A and C ; where 1 he right Lines S A t 
SC are the greateft ; and in the Points B and _ 
where the right Lines SB and S D arc the leaft 
For in thefe Points the Lines S A, SB, SC, 513(3 
are perpendicular 10 the Curve. Htncc (lie "~ ' 
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frion of the Sun, according to his right Afcenfion, 
wiii be quickeft in B and D ; and therefore the 
Days will be then the loiigeft ; and the Motion 
being flowell in C and A, the Days will be there 
ihe fliorteft. 
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E C T U R E XXVI. 
^f the Theories of the other Tlanets, 



- r E R. having explained the Theory 
of the Earth's annua! Motion, and 
I iliewed rhe Methods by which the 
\ Form of its Orbit, and the Polition 
f of the Apjides are determined, we 
' may then, by the Help of Afirona- 
inical Tables, compute for any Time, the Place of 
the Earth in the Eciiptick fcen from the Sun, and 
its oppofite Point in which the Sun appears to be, 
as he is obferved by us. We will now come to 
explain the Theories of the other Planets i the Koow- 
leage o^ which cannot be attained without the 
Earth's Motion being perfedlly known. 

But the Periods of the Planets, or the Times 
they take to complete their Circulations, are to be 72* ii 
found out in the firft Place. For which Purpofc™f'V' 
we muft obferve, that when any fuperior Planct^'^"' 
comes to an Oppoficion with the Sun, they then ptrmi 
appear in ihe fame Point of the Eciiptick, fcen » "■ 
■ ^ V4 fro<" 




I 
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Lefturc from the Earth, as thej' would do if the [ 
XXVI. were in the Sun, and obiervcd them from thence^ 
«,/'^^^» alio [he interior Planets, when they are in Cotf 
junction with the Sun, and are obferved t 
Sun's Disk; If there were an Obfervcr in thcS 
Sijn» he would fee them in the oppofue Point c. 
the Ecliptick, in which we behold them : And 
therefore, whenever a fuperior Planet is inOppo- 
fition to the Sun, his heliocen trick and geoccn- 
trick Places coincide : But when an toferiot Pla- 
net is in Conjuni^lon with the Sun, and is fcen 
in his Disk, the heliocentrick and grocentrick 
Places are oppofite to each other. Moreover, in 
tiic inferior Planets, when they are at their great- 
eft Elongations from the Sun, the Angle at the 
Sun's Center, contained between the right Lines 
drawn to the Earth and Planet, is nearly the Com- 
plement of the Elongaiion : For in Orbits which 
arc nearly circular, a Line touching the Orbit is 
almoft perpendicular to the Line drawn froin 
the Sun to the Point of Coniad : And therefore 
that Angle will be given. Bur we have the Point 
of the Ecliptick, in which the Earth is at [hat 
Time, feen from the Sun ; and confequently, the 
Point of the Ecliptick in which the Planet i^ 
ften from the Sun. And therefore, in thefe Po- 
fitions, we have the heliocentrick Places of the 
Planets. 
fiimiiifiKd If then any fuperior Planet, as for E^cainple 
""M.'^i Ji'P'i'^i were oblerved when he is in Opposition 
^m «/■"■ '^ '^^ ^^" ■ '^"'' ^R"'"' ''" ''^ ^^f^ likewife ob- 
fUmit. ferved when he comes next in Oppofiiion to the 
Sun ; we (hall have that Arch which the Pianct, 
feen firom the Sun, has in the mean Titne de- 
fcribed. Say, as that Arch is to the whole CitT 
cumferesce, fo is the Time between the Obfer- 
vaiions to a Fourth, which will be nearly the peri- 
odical Time of the Planet. After the fame Man- 
ner, by obferving two heliocentrick Places of an 
inferior Planet, we may nearly colleil irs pcrioi 
dicai Tim«. I iay nearly, and not exaSlyi fotJ 

ml 
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t Calculation Tuppofes, that the Motion of the Lefture 
Planet is in' a Circle, and chat thra* the whole Periud XX VI. 
s unitbrm, which is not true. Si^v^/ 

Th e following Method for finding the periodi- -^™" ac 
alTime is more accurate. Obferve aPlaDettwic("^"%-^ 
iccellively in the fame Node; ihat is, let there be hgilifam^ 
^^Po Obfervarions, when [he Planet about the fame 
}an of its Orbit, has no Latitude, which can nnly 
Uppen when the Planet ha5 really no Licitud^', iod 
is placed in its Node : The Time bL-tween 'he 
wo Obfervations will be equal to the periodical 
^Xitne of the Planet. For, becaufe all the Planets 
(hove in Orbits, whofe Planes are different from 
^e Plane of the Ecliptick, and the Sun is in the 
^Xitomon Fvcm of all the Orbits, thefe Planes will 
nil cut the Ecliptick, in Lines which pafs thro' iho 
^n, and in the Incericftions of theic Lines with 
xhe Ecliptick are the Nodes; and the Planet in th« 
whole Time of its Period, can never be obferved 
but once, in one and the fame Node. Now (he 
Nodes are cither at reft, or they have a very flow 
potion, fo that for the Space of ohc Period, they 
jnay be elteemed as at reft. And therefore, if 
■VC know the Time between two Arrivals of a 
Planet at the farae Node, immediately foliowing 
,'Cach othet) we Ihall likewife know the Time of a 
.jPlanei's Period- 

B r the very fame Obfervations, if we have 
the Theory of the Earth's Morion, we can find- 
|lie Polition ot the Line of the Nodes, or the 
Points of the Ecliptick, in which that Line does 
facerfea it. Ler A T B, be the CJrbit of thf Earth, 
CND the Orbit of the Planet, N S » the Line 
pf the Nodes i and in the firft Oblervation, fuj»- 
pofe the Earth in T, and thePlaner :i. be ohierved, 
nN: And becaufe the Place of ihe Pi-inet, feenTab.a 
n the Earth, is known by Obfew.inon, and the^'S''' 
apparent Place of the Sun, at the TiinL', is known 
by the Theory of the Earth's Morion, we have 
»e Arch of the Ecliptick, betwtcn the two 
PJaccs, or ;bc Mcaiure of the A'lgle NTS. Iij 
the 
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Lefturc the fecond Obfervation, let the Earth be in /] ^ 
XXVI. the Planet in the fame Node N, and wc (hall havey 
by the (ame Way, the Angle N /S. In the n^ 
lin'd Triangle T S r> we have the Sides T S, ^ S, 
and the Angle TS/, which is known by thellieoif 
of the Earth i therefore, by Trigonometrjj wc oa 
find the Anjrles S T /> and S ^ T, as likewife dife 
Side / T : Therefore, iVom the known Anf^e ST A 
take away the known Angle STN, and we fltfu 
have the Angle NT/. To the known An^»/S^ 
tdd the An^e S/T, which was found out, and 
we have the Angle N / T. Then, in the Triandt 
N /T, we have all the Angles, and the Side /T { 
confequently, we ftiall have .the Side NT, die Di« 
ftance of the Planet from the Earth, at the firft 
Oblervation. Laftly, in the Triangle N T S, v»« 
have the Sides N T and TS, and the Ai^le NT% 
w w /r«/^^'^^ ^^^^ known by Obfervation ,• conftquendy 
p^riLi we (hall find the Side N S, the Diftance c^ the 
fftU Ncdti.Vhnti from the Sun, when he is in the Node, and 
the Angle T S N, which (hews the Pofitioo of the 
Line of the Nodes ,• for that Point of the Ecliptick 
which the Earth is in, feen from the Sun in the 
Time of the Obfervation, is known ,• and the Angle 
T S N is likewife known : Therefore we have the 
Point of the Ecliptick N, in which the Node is 
placed, leen from the Sun ,• and the Point n oppo- 
fite to it will be the Place of the other Node. And 
therefore the Poficion of rhe Nodes is found. 
r» find the The Places of the Nodes being once deterr 
jtuiination mined, we fliall eafily find the Inclination of the 
iL's'orh'ta ^'^"^ ^f ^^^ Planet's Orbit to the Ecliptick : For 
the Ecii^ having the Places of the Nodes^ we can find the 
^uL Time when the Earth, feen from the Sun, is in 

one of them. At the fame Time, obferve the geo* 
^ttXXV. centruk Latitude of the Planet, and his Diftance 
■^ ** from the oppofice Node : Then the geocentrick La- 
titude of the Planet is equal to the beliocentrick 
Latitude it will have, when feen fi-om the Sun^ 
at the fame Diftance from t\\cNode; that is, make 
the Angle n S/>, equal co the Angle » N P, and the 

> Latitude 
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itudeof the Planet at p, obferved from S,wilJ be Ledrure 
|Uil to its Laticude at P, obfcrved from N, For XXVI. 
CPD be the Orbit oF the Planer, NS» theiyVXi 

of the Nodeiy B N T a Portion of the Orbit 

the Earth, in which fuppofe the Earth to be at 

in die Line of the Nodes, and the Planet in its 

lit to be at P ; and then the Sun, Earth and 

will be all in the Plane of the Planet's 

rbit. From the Point P, on the Ecliptick's Plane, 

fall the Perpendicular P E, and in the Plane 

the Ecliptklc, draw the Line N E ; then the 

le of the Triangle N PE will be pcrpendi- 

to the Ecliptick, and the Angle P N E 

be the vilible Latitude of the Planet, feen 

the Earth. Through S, draw Spf, parallel 

lo N P, and f e parallel to P E i and the Plane 

through Sp, and p e, will be parallel to the Plane 

N PE, and confequently perpendicular to the 

Plane of the Eclipiick ; and therefore S e, the coni- 

aion Scdtion of the Ecliptick, with this Plane, will 

be paraUel to N E. And becaufe N P and N E 

are parallel to Sp and S e, the Angle p S e, the he- 

itctntrki Latitude, will be equal to the Angle 

;p N E, the Latitude of the Planet obferved from 

'*ie Earth, in the Node N. 

Let nf be a Portion of the Planet's Orbir, 

fitended to the Heavens, wfc a Portion of the 
clipiick, fh a Circle of Latitude palling through 
the iflhcentTick Place of the Planet. In [he right- 
angled fpherical Triangle i/i> having Wife, the Di- 
ftance of the Planet trom the Ntide, equal to what 
was obfcrved when the Earth was at N, and the 
L«tiCiide/A, equal alfo to what was obferved at 
N, we can find from thence the Angle h w/, the 
bidination of the Plane of the Orbit to the Eclip- 
tick, which was to be found out. 

Having once found out this Inclination, by 
Obfervation we can find out the hetigcentrick Place 
of the Planet, and his Diitance from the Sun, when 
ever he comes in Oppolition to the Sun. 

Let 
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Ldac Let ATBbe AeOrixt oftbcEorh^Dffi 
XXVL dKOrtaof tbePfaDS: Sinpofethe PlwttaK 
«„^VX<««Ki AcEirAoiT, and NS« cbe LaesfK 
*«•>'« wWbite San b « S IIk Pbici faof I 
^^^^ O ppof i rirai B> ike Sw, is Pbcc, redood M 
Kb ..tf Eiipxk, vdl be is tfae Line ST, irtrick « 
"hthcEnk OUctc die Ai^ PTE, 



;zLT«psT. k« 

• J* ■ -AePi^^tPghPCTfawnfae??*^. Lftrnfe, 
fr*^^ AeTbeonof ifaeEaih'f hforit»,«<eIuvxST,0 
^r^'Otftnccbmi AeSoD. And ttKrdbre, id cfaeTtv 
a^ PST, hiviw aO tbe Ai^^ nd oneSide 
ST, ve kl find 5 P, the Diftuice of dK PbKt 
fioB the Son; and die Angle PS«, tbeOnbace 
of Ae Plana Aon die HU^ nfeood by the A»- 
t rnt rn triA Lxindc; to wliicb Mcamwclumk 
Flaceof dK Phnei, a bis own Otm. la tbe fine 
Maner, if «<e knic ny cxbcr iwo Ob fe i »aiiu» of 
Ae &Be PlaoeF, fa a PoGdon or ASptdi ohkAb 
Id die Son, we flail have die Polinoa aod M^ I 
mde of dm Lines Ani' whole ExtrcmiDe :be 
Plinei's Orb paAb, and die Stio is in ooe oF the 
ibcfof dK Orae. And dierdbre, to deccnDine dui 
Orbit, iix Fonn and Pofidoa, we mail: ddcribe n 
EBipfe^ wbofe f9fws is gircn, and iriitcfa will fias 
dtra dtrce pien Points. The Gttmrteri fhew iba 
Method of conftniftiBg diu Probtem, and we 
likewiJe ^ve die Solncioa of a. bercaftcr- 
f'f*^ '*' Though a Pboet were not in i 
^'''1'*^^ iiical Pofidon, bat in any otber A%eQ brf 

y nOppatidoo to die Son; j«, by one Obferrai ^ 

'in Diibnoe from the Sun, and bi'mtntrict Place 

"■nay be found. Suppofe P A E the Otbit of [be 

%X' K««' TGH theOtbtt of tbe Eirtfa Let the 

tCcnv.Eanb be in T, and tbe Ptann in P, and the Sun 

^t-*- in S, in tbe Line of tbe NmI» N S. From P, lee 

laadiePcrpciidicubr PB, on the Plane of the Ec- 

lipiick: Draw BT, tad produce it, till it meets with 

the Line of the li»Jtt in N, and tbe Plane r.' -" ^ 

Triangle N P B will be perpsndiculir to the 

of toe Eciiptick. Let ihe llms C T, be 
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HBf to it, and meet with ttie Plane of the Lefture 
iwes Orb in C. From T, upon the Line SN, XXVI. 

tl fa\l the Perpendicular T D ; join the Points D ^^"v^^ 

^od C, and the Angle T D C will be the Incli- 

jwion of [he Planet's Orbit to the Ecliptick, 

nich Angle is iherefore given. Obfetve the An- 

fc B T P) the Planet's geocentrkk Latitude, and 

je Angle BTSj its Elongation froiir ihc Sun, ac- 

Drdtng to the Ecliptick. In the Triangle NT5> 

|bm the Theory of the Earth, we have ihe Side 

T, the Diitance of the Earth from the Sun, and 

te Angle T S N, which is known by the Place 

f the Earth and Node, in the Ecliptick, as alfCT 

e Angle S T N, the Complement of the Angle 

TB to two Right Angles : Hence we fhall have 

SFT. In the nght-angled Triangle TSD, ha- 

"fa^ T S, and the Angle TSD, we ftall find 
Vu; and therefore, in the right-angled Triangle 
■TDQ having T D, and the Angle TD C, the 
bidinaiion oi the Orbit to the Eclipticlc, wc 
ftall find the Side T C. In the right-angled 
Triangle TCN, we have T C and NT; and 
therefore, we can find the Angle TN C. And 
again, in the Triangle N T P, we have all the 
Angles; for the Angle NTP is the Laiitude of 
the Planet found by Obfervation, or its Comple- 
ment to two Right-angles, and the Angle P N T 
juft now found, as alfo the Side N T ; wherefore 
we (hall find the Side T P. In the Triangle PTB, 
reflangular at B, we have the Side T P, and the 
Angle PTB, which is the Latitude obferved; 
wherefore, we fhall have the Sides BT and B P. 
And in the Triangle T S B, having T B and T S, 
and the Angle BT S, wc fhall have the Side S B, 
which is called the curtate Difianee of the Planet 
from the Sun, as alfo the Angle T S B, and confc- 

aucritly, the heliocantrhk Place of the Planet re- 
uced CO [he Ecliptick. Laitly, In the Triangle 
PBS, we hive the Sides PB, BS, and by them 
we ihall have S P, the Diflance of the Planet from . 

H die Sun, and the Angle P S B, the heUocentrick ^^^^^ 

H Laticude of the Planet. But haying the htUo- ^^^^M 

m^ i J 
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l^efhire €r»tTttk Lannidg, aad die InclinittcMi of thepl _ 
XXVI tnyOrte to thcEdipdcIc, wecanfinddienB 
^^Y%/ Diiboce fnxn tbe NUr, and confcqueody, hs G 
ftmce from ifae Kodty in fais proper Orbtt, and ■ 
centridc PUce^fna frooi ihe Sun. If, b^ dus Ad 
dud, WC find our two other btlmttatriik Pfacet^ 
die Vhnezy aod die Diftances from cbe Sun, hi 
hkev^c tbe Fttmi of the Orbk, which is die Conef 
of tbe SuD, we ma^ describe to Eltipft^ v^aA fiitll 
pais through die given Points, sikI be die Oiiu uf 
tbe PUncr. ■ 

B/.ttiOrt'i The mofl ingenious Dr. H^llej co nt riw d l i|lJ 
Mub^'f odier Method for nnding out [he ceatricalPtuadCl 
^'^1^ the Piiaci, and ire Diftances from the Sun ; vludr 1 
ecDtnric fijpixtles Only, that the periodical Time of the FtaneE 
rUaMi is luiown- Let KLB be cbe Orbit of ibeEtitb^ 
fi^'^srn ^ ^^ ^''"' ^ ''^^ PUner, or r«ther the Poini in 
Phicxxv!the Plane of tbe Ecliptick on wbich die PoMh _ 
ft- 5- dicular ket 1^11 from tbe Planet meets that PuM 
And 6rft, witcn the Earth is in K, otoerve At 
seacentTuk Longitude of the Planet, and bavte 
the Theory of the Eanh, we have the appMtf 
LotKirude of the Sirni wherefore we Iunre.dl 
Angle P K S. The Planer, after it has comfdeaKI 
an intire Revolution, does again return to the (an 
Point P ; at which Time, fuppofe the Eanfa in { 
tnd there again let the Planet be obferved, andfiM 
die Angle PLS, the Elongation of die Hi 
net from the Sun. Having the Times of i" 
Obfervations, ■ we have the Places of the El 
in the Ecliptick, or the Points K and L, i 
confequently, tlie Angle L S K, and the Side 
LS and SK; wherefore we fliall have tbe Al 
gles S K L and S L K, and the Side L K. Froi 
die known Angles S K P and S L P, take aw| 
die known Angles S K L and S L K, and we flu 
have tbe Angles PKL and PLK known; then 
fore, in the Triangle PLK, having all die dlrtl 
Angles, and the Side L K, we fhilT find the Sid 
P L ; and, in riic Triangle PLS, having the Side 
PL and LS, and the intercepted Angle PLS, 
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fliaU have the Angle L S P, which determines the LeSurt 
heliocenirkk- Place, and ks DIftance from the XXVI. 
Nodfej according co the Ecliptick, as alfo the Side '.•y^. 
S P- Bur, as the Tangent of the geoteittrick La- " 

(itude is to the Tangent of the Heliocentrick, fo 
is the fiiTtate Difiame of the Planet from the 
Sun to its curtate Dijlance from the Earth. But» 
by Obfervation, we have the Planet's geocentrid 
Latitude, wherefore its heliacentrkk Latitude will 
»ifo be found. By which, and the curtate Dijlancc 
of the Planet from the Sun, we can find out 
the true Diftance which was wanted. If, by this 
Means, we acquire three heliocentrkk Places of 
the Planet, and the correfpondent Diftances from 
the Sun, we fiiatl hive the Form of the Orbit, and 
the Pofitioti of the Apfdes, by defcribing an El- 
lipfe, which (hall pafs through three given Points. 
This EUippf is determined by the following Me- 
Aod. 

! L E T S D, S C and S B, be three Lines given T. d^priht. 
In Magnitude and Polition. Draw DC and QCP!'""'''Or- . 
ttid produce them, fo that D F may be to C F, Ai,-'i','pJ^/^ 
DS is to CS; and alfoCE to B E, as CSis tow/^™- 
5S. Join FE, on which, from S, let fall the Per-'™v- 
]Kndicular SG, which will give the Pofiiion of thepi^^j"-'"^* 
jAxis. Draw the Lines D K, C » and B H ; and cut 
SG in A, and produce it, fo that GA may be to 
SA, asKD is to SD; and alfo G a be toS^,in 
thfe fame Proportion j and make i a equal to S A. 
ttnd the Points A and a are the Vertices or Affidet 
»>f the Orbit, whofe Fad are S and s, and greater 
Axb A « ; and if, with thefe j^pfidt! and Fad, we 
Udcribe an Ellipfe, it will be of the fame Form with 
the Orbit of the Planet- For, becaufe SD is to 
CS, as FD h ro FC, and fo DK is toC.*; by 
Cbftnge of Proportion, D S is ro D K, as C S is to 
Ci, and fo isSB to BH. Bur as DS is to DK, 
bi by Conftru<ftron, is S A to G A, and Sa loGa; 
Berefbre,asSA;GA::Sfl — j<iorSf;aG~AG, 
»r A a. And therefore, we have S D : D K : r S C : 
ICi ::SB -.BHr.Ss-.Aa. Bar this is the Pro- 
perty 
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Irfdhire pwty of in Etlipfe whore FwKt is S, and greater 
XXVt. Ajtii A*, is IS demonlliaied by the Writers cf Cff- 
^Y^ nicks, and paiiicularly by Mr. Milntst m his Trea- 
riic of Cnick StSioni, Part IV. Prop. 9. It is evi- 
dent thcreibre, that the EUipfe deicribed with ibc 
F«i S *, anJ Axii A -«, will pais ihrough thePoinis 
B,C and D. 

Because in A^ofiomy a Calculation i> alwayj 

S referable and more ufcfiU than the neaceft Con- 
ruflion, the Form and Folition of the EUipfe is 
in ihisManner tbuni out by Computation. Intte 
Ttiangie DSC, having the Sides DS and CS, iwl 
the Angle DSC, we can find out the Side Dd 
Wich [he AnglesSCD and SDC; and, in thefims 
Manner, we can find in the Triangle BSC the 
Side BC, and the Angles SBC and SCB: And, 
becaufe we have the Ratio of DF to CF, and 
■we have DC, we ihall alfo have CF, 
Manner, becaule we have the Uatio of C E | 
BE, and we have BC, we fliaJl have CE 
BE. But we have the Angle BCD, equal 
the Sum of two known Angles, and tberefo^ 
we have the Angle F C E, iis Compicment d 
Right-angles. In the Triangle F C E, we have d 
Sides FCandCE,and the Angle FCE;whcrefa 
we can find the Angle FEC, and, its Comid 
mcnt to a Right, the Angle >CE; to which addi 
the known Angle SCB, we have the ' 
Angle SC».- And becaufe S« and Ci are 
allel, the Angle CSa is equil to the Angle St 
Having therefore the Angle CSa, we have ch^ 
Poficion of the Axis. Jn the right-angled T " 
angle E C /, having E C and the Angle E, 1 
can find C i i and therefore, we can find t 
Proportion of C S to C ;. In the Triangle C 
right-angled at L, we have the Angle C S L^ 
the Complement of the Angle C S ^i to twafl 
Right-angles and the Side CfS-: Therefore, w«'| 
Ihall have SL, to which adding LG, equal to 
C», we have the whole SG: And becaule CS 
andCi arekno>^Ti, their Proportion will beknowa^ 
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AsCSistoC/j ft) letSA be to A G, and fo let Ledure 
S a be CO ^ G, ani fo Icr S / be to A a, and we have XXVI. 
the ^ffides of the Ellipfe A and a, and in Feci S l/V^ 
and /, which were to be found. 

We Oiewed above, how by an Obfervaiiori to find 
the helioceutTick Place of a Planet; and we have 
now fliewcd, how to determine the Pofiiion of the 
jiphelha ; by which Means, we can find the Diftance 
of a Planet from the j^phel'wn-, at the Time of the 
Obfervation ; this Diftance from the' yJ^helioa, is 
called the true or co-equated Anomaly of the Planet. 
Bui hiving the Eccentricity of the Orbit, and the 
periodical Time, we (liewed beforCjhow to find the 
Planet's mean Anomaly, in ths LtHure in which^™"/"^ 
We gave the Solution of Kepler's Problem i there- ^J.^^"^/. 
fore,- at the Time of the Obfervation, we fhall havema^, 
the mean Anomaly of the Planet, or the Place he 
would have in liis Orbit, did he cooftantly proceed 
with the fame angular Motion round the Sun. This 
being' once obtained, we have the Planer's mean 
Motion for any other Time. For fay, as the perio- 
dical Time of the Planet is to the Time betweca 
the Obfervation and the Moment of Time for which 
the mean Place is defired, fo is 360 Degrees, or a 
wholeCircle, to a Fourth. ThisArch, iftheTime 
preceded the Obfervation, being fubftradted frotn 
die Place before found, or added to it, if it comes 
•fter the Obrervation, will give the mean Place of 
the Planet for the Time propofed. 

For. the more eafily finding the mean Place of a 
Planet, for any Moment of Time, it will be eafiell 
to cake out its Motion from the -a/roHow/i-a/ Tables, 
is which is fee down the Planet's mean Place or 
mean Anomaly, in the Beginning of any rematlcable 
.^ra ; fuch as is from the Birth of our Lord, the 
JE.Tio( Nabonafer, of the Creation, the Building of 75' Rai"x, 
Home, or the firll Year of the Julian Period. The"" ^i^'*"- 
Places of the Planets, at ihefc Inllants of Time, are 
found by the preceding Methods, and are computed 
according to the Meridian of equal Time, and not 
for the apparent Time. The Place for that Time 
is called the Epocha or Radix^ that is, the Root, 
Z iiam 
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Ltfflure from which, as from an immoveable Fouodaao^* 

XXV't. all the Motions arc calculated. 

i-s^ If the Times be numbted by the Years fromtbt 
^™- Birth of Christ, or from ihe Beginning ot thc^i- 
'"/m* Period, it will be moft convenient that die Year 
take ir* Beginning iroro that Mid-day which preced- 
ed the fiivt oi Javiiarj i So that at the Mid-day of 
the firft of Jajmaryt there is one Day confilete^ 
fii)i(hed. Say, as the periodical Time is to a Ci — ' 
mon Year of ^6^ Days, ib is a whole Circle, 
ado Degrees, to a Fourth, which will be the o __ 
Motion of the Plafiet for one Year. In like Maui 
ner fay, as ihc periodica] Time is to a.^y} lb d 
v^ole Circle is to a Fourth j and we fhall have tbt 
niean Anomaly pertaining to one Day. And b^ 
worklnz with the like Proportion, we fhall have tlik 
mean Anomaly for an Hour, and for every MinutSf 
and Second. And if we add the Motion fot oadr 
Year continually to itfelf, we Ihall have the MoticMf 
in two, three, and four Years : But bccauie eve 
fourth Vcar is Biffextile, and confifts of a(J6 Dai 
to the Nlotion of the fourth Year we mutt add 
Motion of one Day j then, by conftantly addii^ i 
Motion of one Year, we fliall have the Motion 
five, fix, and feven Years. But the Motion of i 
eit^hth Year is to be increafcd by the Motion oft 
D^y, or rather the Motion of four Years is to 
doubled, to have the Motion of eight Years; ba 
caufe that Year is Bijfextik. From thele Motion^ 
(o coUe^ed by Addition, we muft always rejefl the 
whole Circles, or ^iSo Degrees; for after a Planet 
has completed its Circle, it returns to the fame Place. 
By this itlethod we have the mean Place of (he Pla- 
nets to twenty Years ; and if the Motion of twentjr 
Years be conftantly added to iifelf, we (hall have 
the mean Place for 40, iSo, to, and 100 Years; 
and to ench of them add the Motion often Yearf> 
and we have the Motions and Places for 30, 50, 
70, and 90 Years. And by the continual Addittoa 
of the Motions of 100 Years, rejefting always whole 
Circles, wc fhall have the Motions of 200, 300, 
400, 500, ^e. YearS) evea to 1000: And pro 
ceeding 
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Ceeding in the fime Way, we fLall have tlie Mo- LciSure 
tion of 2000, 3000, 4000, and 5000 Years, and XXVI. 
foashr 71$ you will. ^^V>-4 

These Morions, being in this Way computed, 
are to be difpored in Tables, which are called Tables 
of the mean Motion ; or mean Anomaly, when they 
«re numbred from the jifhsthn ; and they are found 
• in afirinemkal Tables for each Planet. But 
if the mean Motions are computed from the Equi- 
noctial Points, inftead of the periodical Time, you 
muft take the Time the Planet revolves in thff Zo- 
JiMct, which is fomewhat lefs than the periodical 
Time, bccaufc of the PrecefGon of the Equinodies, 
by which the InterfciSion of thofe Points meet the 
Planet. If the j^phelia of the Planet be fuppofed 
to move, this Motion muft be conGdered i and the 
Motion of the Equinoftics, and of the ApheUa^ 
(which, for ought we know, are equal but in the 
Moon) are likewife to be computed and difpofed 
inTables, for Years, Tens, Hundreds, and Thoufands 
of Years, as the orher mean Motions arc ; rbai for 
any Time, we may hav^.' the Places and DuUtices 
or the Aphelia from the Equinofties. 

The j^firommeTs have fome other Tables which 
give'the true Anomaly anfwenng to every Degree 
of mean Anomaly, which are computed by Tome of 
the Methods delivered above in the former LeSures, 
If Minutes and Seconds are added to the mean Mo- 
tions, we muft take the Difference of the true Ano- 
malies, which are one Degree diftant from each 
other; and, by proportioning, we muft add that P;rC 
which is to be added to the tabular Anomaly which 
is nexcleaft, or is to be fubitrafled from it, if it be 
next greateft. 

For. the Motions of the Sun and Moon, they 
commonly compute the Equations or Frofihapkie- 
Tefs\ which are the Diffeiences between the true 
•nd mein Anomaly ; and they, either fubftradVed or 
added to the mean Anomaly, as the Planet is in the 
firft or fecond Semicircle of Anomaly, give the 
True. : 

Z 2 Having 
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Lefture Having the Places of the jipheliim and NoJiSf 
XXVI. wc have their Diftance from each other : And 
^^-^X'^^ therefore, having the true Anomaly of the Planer 
TbtArftu- vve have its Diftance from the Kodty which is called 
JSTif ^ the Argument of Latitude^ by which, and an ea^ 
trigonometrical Calculation, wc can find the ccntn- 
71* cartate cal Latitude of the Planet, and its curtmte Difiance 

?!p2iiS ^ ^^^^ ^^ ^""^ which is the Diftance from the Sun • 
to that Point, where a Perpendicular, let fall firona 
the Planet, meets with the Ecliptick. And thus wc 
have fhewed how to find the centrical Place and 
Latitude of liie Planet, and its curtate Diflance from 
the Sun. After thefe are found, we mall likewife 
be able to find his geoceutrick Place, or where he 
will be fcen from the Earth, in the following Method. 
Find firft the Planet's heliocentrick Race, and 
curtate Difiance from the Sun ; as alfo the Earth's 
PI. XXVII. Place and Diftance from the fame. Let T C F be 
^* '• the Orbit of the* Earth, in which the Earth is inT; 
A P E the Orbit of the Planet, and its Place P, the 
Sun S, » S N the Lkie of Nodes, From the Place 
of the Planet let fall, on the Plane of the Ecliptick, 
the right Line P B ; draw S B, and produce it till 
it meet with the Ecliptick in the Planet*s Place re- 
duced to the Ecliptick ; which Place is fiDund by 
the Arch P N, and the Inclination of the Orbit to 
the Plane of the Ecliptick, which are known : But 
we have the Place of the Earth feen from the Sun^ 
aftd therefore we have the Diftance between them, 
rbe Anile qf^^ the Angle TSB, which is called the Angle (f 
Comrauta- Commutation. Then, in the Triangle S T B,r we have 
tion. S T, the Diftance ot the Earth from the Surij and 

SB, the curtate Difiance of the Planet,' wherefore, 
we fhall find the Angle STB, the Elongation of the 
Planet from the Sun, or the Arch of the Ecliptick 
intercepted between the Sun's Place and the Planet's 
Place, reduced to the Ecliptick; as alfo TB, the 
curtate Diftance of the Planet from the Earth. But 
the Place of the Sun is given, for it is oppofite to 
^^ttp7a^^^ Place of the Earth feen from the Sun: Where- 
nersgeocen- fore, alfo we (hall have the Place of.the Platiet in 
trUk Place, the Ecliptick, as it is feen from the Earth, More- 
over, 
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trer, in the two Triangles P S B and T P B, that Lefture 
K Toaangular at B, the Tangent of the An^le P S B XXVI. 
: to the Tangent of the Angle P T B, as T B is to s>-VW 
B: But as TB is to SB, fo is the SineofTSB, 
le Sine of the Commutation, to the Sine of the 
ngatioriSTB. Wherefore fay, as the Sine of 
IE Conamutation is to the Sine of the Elongation, 
I is the Tangent of the hcliocencrick Latitude to 
^e Tangent of tho geocentrick Latitude, which was 
10 be found. And by thefe Means the Afirotiomers 
;arc able lo find, for any Inftant of Time, the geo- 
xcmrick Place and Latitude of any Planet. 

CodlPARiNG the Diftances of the Planets fromTJr Harm- 
^c Sun, with the Times of the Periods round him,^*"™™ 
Tre find that they all obfeive a wonderful, regular, ^^j dMob- 
and elegant Harmony and Law, viz.. a, ^/lU 

The Square! of the pey'iodkal Thnes are in all gfPlf«(i'. 
them pTOfortional to the Cukes of their mean J)i- 
fiancts fr»m the Sun. Now their Periods and mean 
Dillances are thefe, which wc here give in the foJ- 
Jowing Tabk. 
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The illuftrious Mathematician Mr. MusfTi^ has 
determined very nicely the Diameters of the 
Planets, by comparing them with that of the Sun, 
in his Saturvian Syjiem, which he did by the follow- 
ing Method. 

' Copernicus, by his new and divinely invented 
Syftem, has flie.ved us how to find out the Diftance 
of each Planet from the Sun, in proportion to the 
Earth's Diftance from the fame : But their apparent 
Diameters, and how much fome arc bigger than 
(whers, has been dilcovered by tb? Help of the Te- 
Z 3 Iclco^e.. 
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Lci'^ure IcTcopc For by compi-ing ihc Proportions of that 
XXVI. Diftjnces ami apparent Mj^nicudes, rhe Proporiiofl, 
^^V^^ of their irue Bisne^ to that ot ihc Sun will eafily bft 
found, by the Principles we have laid down ia out 

1U D:am€- As for 5fl/Hrw, the Diameter of hisRinci whea 
%'_,"ft^„ ^'^ '' ncareft to us, fubtciids an Angle of ^SSecondgl. 
tf'tZ'vi" Anil, becaufc this Icaft Diflance of Saturn in a 
neii 5*1- eight Times rhe mean Diftancc of ihe Sun froiniU|^ 
»•'"'■ iL follows, that if SatKrn were as near us a* die Siu^ 
iS) the Diameter of rhe Ring would appear ei^ 
time* bigser than no?/ it does, thai is, it would b^ 

S' 4" Bur the Diameter of the Sun in his meta 
iC^ancc is 30' 50" Therefore, the Proportion ci 
the Diameter of the Rint? to the Diameter of thy 
• Sun, is that of 9' 4" to jo' ^ o" j which is near th| 

Proportion of 11 to 37. But the Diamctei- of 5«- 
rurtm Body is to rhe Diameter of the Rit^ as 4 td^ 
9 i that is, nearly as 5 to 11: And therefore, ic is w 
mc Diameter of the Sun, as 5 to 37. 

JupiTtin's Diar;cter, when he is next to 1% i 
fi+ Seconds i and then his Diftjncc is to the tneai. 
Diltancc of the Sun, a> 2ti to 5 ; fay, as ? is to 26, 6^' 
: is 6^ Seconal; to a Fourth ; which wiU be 5' 35**! 

which is the Bijnefs of the Angle that Jupiter's DP 
ameter would fubicnd, v/Li-e he as near as the Sun 
is : But the Sun ib feen under jd Angle of 30' jo^'j 
therefore the Proportion of JupHer^ Diameter tc^ 
that of the Sun, is, as 5' 35" to 30' jo"; thati^ ^^ 
littie more than i to 54, 

Venus, when (he-is neareft the Earth, fubtendr 
an Angle of 85 Seconds ; and then her Verigaod 
Diftance is to the tnean Diitance of the Sun nearly^ 
as 21 is fc I2 : And therefore, if Venus were remold- 
ed to the Diftance of the Sun, her Diameter wtwld 
be only si" 46'": And therefore we know, that.: 
the Diameter of Vtims is to that of the Sun, 
ai'''46'" to \r>\' ■■, that is as i to 84. 

But the Diameter of Mars^ when neareft to tha 
"Earthy i- not greater than 30": And therefore, fincel 
the leaft Diftance of Man is to the Sun's mean Di-; 
ftance, as 15 to 41; ihePropoition of Jlf^r/s Di- 
ameter 
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pmcter will be to the Sun's Diameter, as i is to i66 : Lefhire 
Therefore Man is but half the Bignefs ot Venus in XXVI, 
its Diameter. Hevelius^ by Obftrvatiqns, found, that ^^-y^^ 
MtTcury's Diameter was to thac of the Sun, as i is 
id ago- 

The Magnitude of the Earth, in Comparifon of 
ftat of the Sun, is varioufiy eftimated by the Afiro- 
0Bmers : They who {ijppofe the horizonral Parallax 
rf the Sun to be 15 Seconds, mud make the Di- 
ftancc of the Sun from us, to be but ijy^oSemi- 
4iameters of the Eanh; and the Diameter of the 
Earth will be to the Diameter of the Sun, as i to 
<6i : But we have a probable Ai^ument, which proves 
the Difproportion or InequaUty greater. For, becaufc 
die Diameter of the Moon is fotnewhat more than a 
iourih Pare of the Diameter of the Earth, if the Pa- 
nllax of the Sun were 15 Seconds, then the Body 
of the Moon would be greater than that of Mercury j 
but it feems incongruous that a ftcondary Planet 
fliould be greater than a primary Planet. Let us 
fuppofe therefore, that the Semidiameter of the Earth, 
ieen from the Sun, be 1 1 Seconds, as it was lately 
collected from the Parallax of Mars, obferved by 
Dr. Halley and Mr. Found: And then the Earths 
Diftance will be nearly 20000 Semidiamcters of the 
Earth, and the Moon will be !efs than Mercury. 
And the Proportion of the Diameter of the Earth 
to the Sun will be that of i to S3 i to which Pro- 
portion we may give our Allent, till by an Obfer- 
Vation of Venu! in the Sun's Body, which will hap- 
pen in 1761, we may be made more certain of the 
Sun's Parallax. Therefore, the Diameter of the Sun 
is to the Planets Diameters, nearly in the Proportions 
feprefeoied in the following Table. 



T^c Diameter of theSun 
is to [he Diameter of ' 



L 




544 AST RO NOMIC A L 

I^e^re And becaufe Sphered are to one another, as tbe 
XXVI. Cubo of their Diameters. 
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Hence it follows, that the Sun is 1 hundred ami 
fiittecn Times bigger than all the Planets put toge- 
ther. Saturn is 400 Times leTs than the Sun : But 
fox Quanti:y of Matter it is 2400 Times Idi than 
the Matter of the Sun, Jaf'ter, the bi^eft of all 
the Planets, is i5o Times lefs than the Sun, and 
his Matter, that compotes his Body, is 10^ Times 
\tk than the Matter of the Sun. Hut our ^rtb, if 
it be compared with tbe Sun, is but of a veiyfmall 
Magnitude, and not bi^cr than a phyfical Point; 
for it is 500000 Timcslers than it. Befides, com- 
paring the Planets with one another, we fiiid, that 
jttpittr is bigger than a!l the reft of rhe Planets put 
together i and that he is above 3000 Times bi^r 
than the Eanh ; but Venus is of the fame Bignels 
with the Earth. And yet there are two of the fix 
PlanCTsi viz. Mercury and Mars Ids than the Ear[b. 
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LECTURE XXVII. 
Of the Stations of the Tlmets. 




I 



F the Earth were at Reft, and the a« < 
Planets alone turned round the Sun , /"/"«, 
an inferior Planet would feeci to ^'-■^"'^^ 
ftatimnaryi iti ihac Point of its Orbit, j-„, , 
where a Line drawn from the Earth r^i" _ 
touched the Orbit; for when the""'*' 
Fluict is near that Point, if the Earth flood ftill, it ' '' 
would dircdlly approach the Earth, aiid would have 
no vifible Motion, or at leaft, its vifiblc Motion 
would be the leift of all. In like manner, if a fu- 
perior Planet were at reft, when ir is viewed from 
die Eanh, it would appear to ftand in that Part of 
its Orbit, where a Line drawn from the Planet 
touches the Earth's Orbit. But becaufe both the 
Earth and Planets move round the Sun, when an 
inferior Planer," is in the fore- mentioned Tangent, 
then the Motion of the Earth, will make the Planet 
appear to change its Place, and the Planet will not 
be come to its apparent Station. And, upon the 
fame Account, when the Earth is in the Line which 
touches its Orbit, and palTes to a Planet, the pro- 
per Motion of the fuperior Planet, will change its 
vifible Place. And therefore it happens,* that nei- 
ther an inferior Planet feems to reft, when it ^"""'f^'yj 
the Earth are in a Line which touches its Orbit ;J^aj'_y'. 
nor is a fuperior Planet ftationirj', when the Earth ""> 
and it, are in a Line touching the Orbit of the ^•'" '"''>- 
£artb. '"' ' 

But 
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Ledure But fiDce all the Planets do ibtnetimes appeur 
XXVII. to move forward, and afterwards to return back- 
wards; between the progrefliye Motion and the re* 



lf'»w«P/tf-greffive, there will be fome Point, where it willap- 

%tm^! ?^^ ^ ^^^^ *^^ continue in the fame Sicnatioll 
^^* in the Heavens. Now it feems to keep the j&me 
Station in the Heavens, when the Line that joins 
the Earth and Planet's Center is conllantly direded 
to the fame Point in the Heavens ; that is, when 
it keeps parallel to itfelf: For all right Lines, drawn 
from whatever Point of the Eartas Orbit> parallel 
to one another, do all point to the fiime Star; be- 
caufe the Diftance of theie Lines is not fenfible in 
Comparifon of the great Diftance of the fixed 
Stars. 

Therefore, to find out the Points of Snh 
tion, we muft inquire the Poiition of die Line^ 
which, joyning the Earth and Planet, keeps paral- 
kl to irfeif : For which Purpofe we muft obferve^ 
that if the Centers of the Sun, Earth aiid Pknec 
be joined by right Lines, they will form a Triangle, 
whofe two Skies drawn from the Sun, are always 
equal to the Diflances of the Earth and Planet 
from the Sun ; and the Bafe is a right Line Joining 
the Earth and Planet : And becaufe the Sides of 
this Triangle, in circular concentrick Orbits, do 
keep always the fame Magnitude, the Proportion 
of the Sines of the Angles at the Bafe, will be con-r 
flantly the fame : For the Sines are gs the oppofitc 
Sides. 
Tabic XVI. Let the Circle BDG, be the Orbit of the 
Fig. 1. Planet, and A H K, the Orbit of the Earth concefl- 
trical to it. And let us fuppofe the Earth in A, 
the Planet in B; and the Sun in the Center S, 
In the Triangle A S B, the Sines of the Angles A 
and B, at the Bafe, are as the oppolite Sides S B^ 
SA. 

Let us fuppofe then, that in a fmall Par^ 
tide of Time, the Earth is moved through the 
fmall Arch A C, and the Planet at the fame Time 
through the Arch of its Orbit BD j their angular 

Motions 
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Wotions at the Sun, made in the fame or equal Lefture 
Frimes, are reciprocally as ihcir periodical Times; XXVII. 
' for how much che greater is the periodical Time, ^-■y^ 
(o much lers is the Angle it defcribes, round the 
Sun in any given Time. Thereforej the Angle 
ASC, the angular Motion of the Earth, is to the 
Angle BSD, the angular Motion of the Planet, 
as the periodical Time of the Planet is to the pe- 
riodica! Time of the Earth ; that is,^ the angular 
Motions in the fame Time are in a conftant Pro- 
portion. 

Let the Center of the Earth in C, and of 
the Planet in D, be joined by the Line C D, which 
is parallel to the former Line AB: And in that 
Cafe, as we have Iliewed, the Planet will appear 
flationary. Let S A cut C D in M, and S D, pro- 
duced, cut AB in E: And becaufe AB and CD 
are parallel, by the' 29th of El. I. the Ai^e 
S M D will be equal to the Angle A , but by the 
32d of the firft El. the Angle S M D is equal to 
the Angles C and M S C ; wherefore the Angle 
C is equal to the Angle A, baring the Angle Ma C 
ox CSA. Likewifcj becaufe ot the Parallels A B 
and CD, the Angle SDC is ecjual to the Angle 
SEA, which is equal to the Angles SB A and 
BSEi whererore rhat Angle k equil to tlie Sum 
of the two Aisles SB A and BSE. Therefore 
the momentaneous Increafe of the Angle S B A is 
equal to the angular Motion of the Planet at the 
Sail. And before it was Ihewed, that the De- 
crement of tilt: Angle A, was equal to the Angle 
ASC, or CO the angular Motion of the Earth; but 
thele angular Motions are con/tantly in a given 
Propoi[ion, which is reciprocal to their periodical 
Times 

A Planet therefore appears ftationary when the 
momentaneous Change of the Angle at the Earth 
is to the momentaneous Change of the Angle at the 
Planet, as the periodical Time of the Planet is to 
the periodical Time of the Earth. 

Let there be two Arches or Angles, who fe Table jcvi. 
Sines are to one another in a cotiftant Propor-Fii-». 
lion. 
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Lcfture tion. I fay, that their Co-fines, or the Sines of th« 
7CXVII. Complements of thefe Arches, are in a ProportkNi 
^ ^ 1 compounded of the direft Proportion of the Sines 
of thefe Arches, and a reciprocal Proportion of the 
momentaneous Changes of the Arches or Angles. 
For Example, Suppofe the two Arches A M and 
C M, whofe Sines are A B and C D, and their 
Co-fines S B, S D. Let the Arches A M and CM 
decreafe into EM and GMi fo that the Sines 
E K, G L, may be proportional to the former A 5 
and CD. Let AE and CO be thp Decrements 
of the Arches, which being infinitely fmall, may be 
taken for Right-lines. Draw F E and G H, par- 
allel to S M ,' the Triangles A F E and A S B arc 
equiangular : For the Angles B^ and A F E arc both 
rights and the Angle E A F is equal to the Angle 
AS B, the Angle SAB being the Complement of 
both to a Right Angle. After the fame Way ic 
may be proved, that the Triangles C H G and 
C S D are equiangular. Therefore C G : C H : : 
CSrSD; andAF.AE:: SB: ASorCS; 
Wherefore multiplying the Antecedents together, 
and tlie Confequents together, we have the Pro* 
portion CGxAFiCHxAE:: CSxSB: 
SDxAS or CS xSD :: that is, SB is to SD in 
a Proportion compounded of A F to C H and of 
CG to AE. But the Eatio of A F to C H, is the 
fame with the 'Ratio of the Sines A B and C D ,• and 
the Ratio of C G to A E is the Ratio of the mo- 
mentary Decrements of the Arches C M and A M. 
Therefore S B, the Co-fine of the Arch A M, is 
to S D, the Co-fine of the Arch C M, in a Propor- 
tion, compounded of the direft Proportion of the 
Sines of thefe Arches, and a reciprocal Prbportion> 
of the in ftantaneous Decrements of thq Arches, that 
is of CG to AE. 

Hence, if the Centers of the Sun, of the 
Earth, and of a Planet that is ftationary, be joinr 
ed with Lines, the Co-fine of the Angle at the 
Earth, will be to the Co-fine of the Angle at the 
Planet in a Proportion, compofed of the Sines of 

the 
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i and B) and a reciprocal Proportion Lefture 
: momentary Decreafe of iliofe Angles A and XXVII- 
'le Proporcion of the Sines is the fame ^-— \^"«^ 
Proportion of the Diltances of the Earth 
and Planet from the Sun i and ihe Satio of the mo- 
mentary Decrcale of the Angles A and B is the 
Proportion of the periodical Times of the Planet 
and [he Earth, as has been proved. Lee the pe- 
riodical Times be called t andT; and then the 
Co-fioc of the Angle A will be to the Co-fine ot 
the Angle Bj when the Planet is flationary, as T X 
SBisto txS A-, that is, the Co-fine of the Angle 
at the Earth is to the Co-line of the Angle at [he 
Planet, in a Proportion, compounded of the perio- 
dical Times dire^iy, and a reciprocal Proportion 
oF the Diftances from the Sun. Hence the Points 
of Stations are ealily determined by the following 
Conftrutftion. 

Let AH be a Portion of the Orbit, of the Tabic xvi. 
Earth, GBK a Portion of the Planet's Orbitj'^'S' 3- 
and lee che Sun S be in the Center of both 
Orbits. Cut S A in E, fo that S A may be to 
SEj as the periodical Time of the Earth is to 
the periodical Time of the Planet. Upon the 
Diameter AE, defcribe a Semicircle cutting the 
Orb of the Planet in B, the Angle SAB wiU 
be the Elongation of the Planet from the Sun, 
when it appears ifationary. Draw the Lines 
A B F, E B, and S F, parallel to E B, and the An- 
gle ABE in a Semicircle, is a Right-angle : 
And therefore, A F S parallel to it, mu!l be righ: 
likewife. Moreover, A S : A F : : Rad. : Co-fine of 
A i and alfo, B F : S B : : Co-fine S B F : Rad. 
Therefore multiplying the Antecedents together, 
and the Confequen*s together, wc fliall have A S 
xBF to AFxSB, as the Co-fine of SB F is to 
the Co-fine of the Angle A- Therefore, the R^- 
/« of [lie Co-fine of the Angle A, to the Co-fine 
'of the Angle S B F, is compounded of the Ratio 
of A F to B F, and of S B' to A S. But the Rath of 
A F to B F is e^iual to the Ra/ig of A S to S E, 
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Lcdhire or of T to /. Therefore, the l^ti9 of the Go-fine 
XXVII. of the Angle A, to the Co-fine of the Angle SBF, 
is compounded of the Ratio of T to tj and of SB 
to S A. But it was (hewed, that when the Co-fines 
of the Angles had this Proportion> then the Pltoet 
fliould be ftacionary. Therefore it is evident, that 
when the Planet is in B, and the Earth at A, die 
Planet will appear to be (lationary. 

Hence we fee, that when an inferior Pla- 
net is feen from the Earth to be ftationaiy, 
the Earth alfo, viewed from the infoior, will 
likewife appear to be (lationary, and mil feem 
to remain m the fame Place. For the Earth is 
feen ftationary, when the Line that joins the Cen- 
ters of the Planet and Earth keeps paralid to it- 
felf^ and (b long as this Line keqn a Paralldifin, 
it will always be direded to* the fame Point in the 
Heavens. 

B Y the fame Method, we find the Pofitioas of 
the other fuperior Planets, in refpeA of the Eardi 
and Sun, when they are to bb obferved by us to 
be ftationary, viz,, by inauiring where the Earth, 
confidered as an inferior Planet, will appear ftation-^ 
ary, feen from a fuperior Planet. 

I F the periodical Times were proportk)nal to 
the Diftances from the Sun, the Points E and B 
would coincide with G, and the Planet would be 
ftationary, when the Angle A was nothii^; that is, 
when the inferior Planet was in Conjun&on with 
the Sun : But if S E bore a greater Proportion to 
SA than SG did to SA, the Circle ABE could 
cut the Planet's Orb in no Point at all ; and the 
Planet could no where be ftationary, but would 
appear conftantly to move direflly forward: But 
neither of thefe Cafes obtain Place in the Planets ; 
for S£ is always lets than SG or SB, which I 
thus demonftrate. 

Call the Diftance of the Earth from the 
Sun py the Diftance of the Planet SG or SB 
call qy the periodical Times T and /. And, by 
the uhiverfal Law above explained and obfer- 
ved 
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id in all ihe PI*neL', we have T* : **■ : : s* : «*, Leifhirc 

i i 1 1 xxvrr 



^Kio /, fo'is S'A : SE ::/: St. Say the rc- 

H'fore, as f Xi>*'-. gxg*::f to % ^^ . ; which 

is therefore equal to SE : And becaufe p 
is greater than 5 j therefore, 5 X^" is greater 
than 5X9*; and dividing all by ^*j we hare 

f greater than ^~- or than S E. And there- 

fore, fmce SB or SG is greater than S E, the 
Circle upon the Diameter A E, will cut the Orbit 
of the Planet : And cherefove, wcj on the Earth, 
in fome certain Pofitions, may fee each of the Pla- 
aets ftationary. 

If you del'ire to ufe a Calculation, the An- 
gle at the Earth, or the Elongation of the Pla- 
ner from the Sun, is defined in this Manner. Let 
the Radius be a, and the Sine of the Angle at 
the Earth 5 x ; the Sine of the Angle at the Pla- 
net, will he px, fuppofing that p is co 5 in the 
Proportion of the Earth and Planet's Diilances from 
the Sun : And bccaufc the Sine of the Angle at 
the Earth is 5. v, its Co-fine is V a'- — 5^ i*; and the 
Co-fioe of the Ang. at the Planet will be ^^.^ — f*3f*: 
And therefore v'^^ — 5* x* : y'a,* — ?*x*::TXf 
•.t)ip: And fquaring the Terms of the Ana- 
logy 2^»— 5» *':=.» _j,»j(^::T' X?' ir'Xf"; 
but T' 1 ;* : : p' : f • : Wherefore, inilead of T' 
and (', pur p' and 5', which arc proportional to 
them, and we fliall have a* — q^ x^ : 1* — p* «* : : 
p* Kq^ : f'x^' :: p : <] : And therefore, we have 
the Equation 5 a^ — 5' x^ = p ;i* — p* x^, and 

jix»_gix'=;a'xj — ^;andj;=sax?!! lZZ^ 

and 



35» A STRONOMICAL 

Ledure and f ■«> the Sine of the An^ at the Eard^ =3 
XXVIl. yrf^i ^ 

therefore the Square of the Co-fine of this Ai^ 
•s *— -T— i ! — » a I r — i — i> and 

therefore the Co-fine » » X X^JIlt ^ : ThB 

Co-fine is therefore to the Sine, as «x ^ ^ -i-gl-^ 

the Co-fine is to the Sine> ib is the Radius to 



the Tangent ; therefore lay, as ^f* -f-/ fistofi 

fo « is to -/ 2~i > which is die Tangent of the 

^ P +^ f 

Angle at the Earth: And by this Analogy the 
Angle is eafily found. For if half the Sum of 
the Ix^arithms of p and ^ -{^ 9 be fubftraded 
from the Logarithm of f, there will remainf 
the logarithmick Tangent of the Angle at the 
Earth. From this Value of the Tangent we have 
the following geometrical Conftru&ion, which 
determines the Angle. Let HAO be a Portion 
J>f/^^^of the Earth's Orbit, GBD the Orbit of the 
inferior Planet, and the Sun in S the common 
Center of the Orbits. Produce A S, 'till it meets 
with the inferior Orbit in D; upon the Diame-» 
ter A D, defcribe the Semicircle A C D, and a€ 
S, eredt upon A D the Perpendicular S C, cutting 
the Semicircle in C; join AC, in which take 
AF=:SDj and from F upon AS, let fall the 
Peipendicular FE; in SC take SLss AE, and 
draw A L : Then SAL will* be the An^le requi- 
red ^ and B, where A L cuts the inferior Orbit9 
will be the Point of the Station : for the Square 

of 
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of SC is equal to the Redangle ASD=:pf, Lefture 
and A C fquare = A S fquare + S C fqaare XXVII. 
=P*+Py: But AC : AF -. : AS: AE:: AS:*--' " 
SL : : The Radius: Tangent of the Angle SAL, 



^ereforc the Tangent of the Angle required. 

These Calculations and ConftruiSions would fuf- 
ficien^ determine the Points of Station, if the Pla- 
nets Orbits were concenrrical Circles: But fines 
ihcy are eccentrick and Ellipfes, both the Angles at 
the Sun and Planet will be dif^rent and changeable, 
according to the different Places of the Planets ia 
their Orbits, at the Points of Station. And there- 
fore becaufe in this Cafe, according to the infinite 
Varieties of Pofition of the Earth and Planets in 
their Orbits, there will belikewife an infinite Variety 
of Angles, they cannot be defined by any algebraical 
Equation j neither can the Prohlem be univerfally 
conftrud^ by any algebraick Curve of any Kind, 
althot^h fome Mathematicians have undenaken to 
do it. Yet, if we have the Pofition of a Planet in 
Its proper Orbit, we may find the Pofition of the 
Earth in its Orbit, from whence the Planet in that 
Point will appear ftationary. 

For this is a determined 'Problem^ and admits of 
two Anfwers, for the two Roots of the Equation 
riiac involves the Nature of the Problem. The moft 
induftrious Dr. Halley, hath communicated to me 
the following Solution of this Frohlem ; for the un- 
derft^iding of which, we give the following Lemma. 

Whatever the Form of the Eanh and Planets 
Orbits may be, if from their Places in the Times 
of Station there be drawn Tangents to the Orbits, 
and produced till they meet, the Portions of thofe 
Tangents, intercepted by their mutual Concourfcj 
are proportional to tbc abfolutc Velocities of the 
Earth and Planets. 

Let FG and AH be two Portions of the Or- 
bits which the Earth and Planet defcribei AB and 
C D two infinitely fmall Portions of ihemj defcribed 
A_a in 




'5+ AST RO NO MIC AL 

I^fture in the fame Time, when ihe Planet is (htionKy: 
XXVli. Draw the Lines CE and AE rouchine the OtbiK, 
^'■^^w and meeting in E. And, becaufe the PJanet is fta- 
T>.xxvf.[jnnary, B D and A C will be parallel: And there- 
•rig- 5- forf,bythe2dPro^E/. VI. CD: AB::CE:AE. 
But CD and A B, imce they are Portions of the 
Orbits defcribed in the fame Time, are as [he Velo- 
cities of the Earth and Planet: Therefore the Tan- 
gents CE and AE are as the Velocities. This 
Theorem \% Mr, John Bernoulli's, and is publilliedin 
the Berline Afls, and flows immediately from the 
Paralletifm of the Lines AC, B D : But Mr. htr- 
noulli has not given us from thence any Solutkni of 
the Problem. Dr. Hallefs Solution is this. 



PROBLEM. 

To find the Tlace of the Earth, frm. 
•which a Vianet, feen in a givet 
Toint of its Orbiti would appetn 
fiationary. 



[he Earth, which we may here fuppofe to 
circular, tt P « the Orbit of the Planet, P its giv 
Place, Draw V P Q_, touching the Orbit in P, an* 
interfefling the Orbit of the liarfh in V and Qj 
bifedi V Q^in R, and on it ereft the Perpendicular 
PB, which may be to V R or R Q., as the Velo- 
city of the Planet is to the Velocity of the Earth : 
At the Center R, upon the Diameter V Q^, defcribe 
the Semicircle ViJQ^, to which draw the Tan- 
gents Bi, B</, and produce them till theyjneeTi 
with VQ_ produced in 2 and T; draw R*, R*/;' 
take 2K equal hX, and XL equal to JT. Then 
I fay, the Points K and Lj are what arc to be found. 
For 



J 



LECTURES. 355 

ibr, becaufc of the equiangular Triangles R i S and Lefturc 
■P2, 2P;PB:;£K;R^ or RV, and by alrer- XXVil. 
ition of Proportion, S P : S K : ; P B : R V i but by ^ 
onflruftion, P B 15 to R V, as the Velocity of the 
'lanct is to the Velocity of the Eirth ; and 2 b 
uches the Semicircle in h ; wherefore its Square is 
luai to the Redangle V S d , by Prop. ^6 Ehm. 
. And S K is equal to 2 i ; therefore S K will 
;ch the Orbit of the Earth in the Point K, by 37 
tp. Elem. Ill :, therefiJre the Tangents of both 
_ irbits S P and S K are as the Velocities ; and there- 
[ifcre a Planet in P will appear ftationary, when the 
^,arth is in K. In the fame Manner it may be 
ftiewed, that the right Lines PT and LT are, as 
riie Velocities, and that L T touches the Orbit of 
the Earth in L. Laftly, the Lines S K S L being 
drawn will fhew the Pbccs of the Earth feen from 
the Sun, and the Angles KSP LSP aretheCom- 
murations. And if the Line .S A be the Line of the 
^p^ties of the Earth's Orbit, KSA and LSA, will 
be the Angles of the true Anomaly ; and conre- 
^ently, if any Error be committed in fuppofing the 
farch's Velocity, it can be molt accurately correft- 
; ed, by having the true Anomaly. 
• It is a Frai/km of avery difTcrenc Kind, to defini 
flic Time when a Panet is to be Itationaryi and its 
Solution cannot be had from common Geometry : 
yet the aforefaid Dr. Ha/ky, by an indireCi Method, 
imd an Approximation, has fliewed how to find it. 
' Ic is as follows ■ 

Iff HEN the Time of a Station is to be accurately 
determined. 

Having by the former Conftruftion, or a rude 
Calculation, or even from an Ephemeris, found out 
the Day of the Station, find out by the moft perfeft 
afironomical Tables, for the Meridian of that Day, 
the Place of the Sun i as alfo the Planets heliocen- 
trkk and geocentrick Places, and the L-ngarithms of 
their Diilances from ihe Sun; and to reduce 
their Motions to the fame Plane, curtate the Di- 
A a i &1UC& 
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Leditre (lince of the Planet, and we have ihc Triangle ST Pj 

XXVII from the Principles ai j^^ranomv, whcic S reprc- 

'-^■'VNj fents the Sun, T the Earth, and P the Planet. Draw 

Tj.xxvi.xq.! Tangent to the Earths Orbit, and PCLa 

'^' ' Tangent to the Planet's Orbit, which meet in Q; 

Now, if the real Velocities of the Planet and Eanh 

are as P Q, a"'! T Q^, or as the Sines of the Angles 

P T Ci_and T P Q_, it is plain that the Planet is tben 

ill the Situation required ; that is, it will be there 

ftationary. 

Having now the Diftances ST, SP, we have 
the B^z/o' of their real Velocities, or of T< and Pp. 
For the real mean Velocities of different Planets, 
that is, ihole Velocities with which at DiftanCA; 
equal to half the t ranfverfe Axes of the Orbits, 
would dcfcribe Circles, are in a reciprocal ful 
* St< lU plicate Proportion of the Axfes. And * the a __, 
Thci'. Lefl. Velocity of any Planet is to its Velocity in any other 
xxxn. Point P or T, in a fubduplicare Proportion of its 
Diftance from the Sun, to its Diftance from the 
other Focus of the Ellipfe, which call refpeftively 
P F and T F ; and putting R fot half the tranfvcrfc 
Axe of the. fuperior Ellipfe, andr for half the tranC- 
vctfe Axe of the inferior, and then compounding the 
Ratio's, the Velocity of the inferior Planet will be to 
thatof cheruperior,orTf to Pp as v^RxSPxTF 
is to / r X •) 1' X J' 1-' ; and therefore we tnuft have 
ready the Logarithm of ihis Ratio, reduced to the 
Plane of the Ecliptick, 

From the fame Diftanccs we have likewile the 
Angles STQ^and SPCLi for the Radius is to 
the Sine of the Angle STd-, as -i/STxTF 
is CO half the conjugate Axis of the Orbit; and 
likewifc the Radius is to the Sine of SPQ, as 
V* ."> P X P f' to half the conjugate Axis of the Pla- 
net's Orbit : or, which is more readily perfbrm'd, 
fay, as the Diftance of the Planet, in its jipbeliom, 
is to its Diftance, in ihc Perihelion, fo is the Tangent 
of half the Angle, by which it is diftanc from the 
Feribelkii, to the Tangent of an Angle ; which being 
fubftradted 
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fcbftrafted from the forcfaid haU; leaves the Cora- Lefture 
plcment of the Angle SPQ^co a Right, or its Ex- XXVII. 
cds above a Right, as it happens that ihis Angle is ^•*^^^^ 
scute or obtufe. Reduce this Anglej if it is needful 
to the Plane of ihc Ecliptick; and thefi: Things 
beiDg done, fubftrad: the Angle STQ^from ih , 
'An^e STP, and to the Angle S P Q^add the Ang] 
;SPT, and we Ihall have the Angles Q^TP an' 
Q.PTi and, if the Sines of thefe Angles have th' 
&me Proportion that the rea! Velocities have in ch 
points T and P, the Eftimatioo is right : But if not 
take the Difference of the Logarithms of each, oi 
the Error of the firft Polition. And if the Ratio of 
'the Velocities be lefs than the Ratio of ihe Sines, 
■ we muft diminifli the Angle TSP, by adding or 
£ib(trai!ting a known mean Angle, fuch as will agree 
"to one Day's Motion; and the contrary is to be 
done, if the Ratio of the Velocities be greater. 
And by a Calculation, juft like the former, (eck the 
Logarithms of the afbrefaid Ratio's, for the Noon 
.of me preceding or following Day, as the Cafe re- 
uircs. Then compare the Differences of the fore- 
id Logarithms, or the Error of the firft Pofition _ 
with the Error of the fecond; and the Sum of the' 
Errors, if they be of feveral Kinds, or their Diffe- 
rence if they be of the fame Sort, will be to 24. 
Hours, as either of the Errors to the Time between 
die Point of Station, and the Noon on which the 
afliimed Error was found. This is plain to thofe 
who underftand the Rule of Falfe. 

Is ihis Manner the Stations of the Planets may 
be obtained within a few Minutes. But to take 
away the fmall Errors which may arife, by Reafon 
the Lt^rithms do not uniformly increafe as the 
Time, if any one pleafes, he may renew the Calcu- 
lation, for the Time juft found out, and which is 
very near the Truth ; and To bring out the true Time 
to a Minute : but there is no Need of this Correc-- 
tion, but in Mercury or Mars. 
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Lcfturc For to make this plsdner, wc wUl add an Ex- 
XXVII. ample of the Station of Jufittty which lately hap 
pcned on November the 9th 1 71 7. 



Kovember 9th at Noon. 

S. gr. , 
9 10 00 00 
7 00 7 00 



The mean Anom. of V 
Mean Motion of O 

V Helio. from the i ? 

of r — S 

© Place from the i > 

of r 5 

Log. Dift. of Vfrom^ 

the Sun S 

Log. Dift. of O from ? 

the Sun i 

V Geocentrick Place 
The Angle ST P 
The Angle SPT 
The Angle S T CL 
The Angle S P Q. 
The Angle PTQ, 
The Angle T P CL 
Log. of the Ratio of 

Velocic. 
Log. of the Ratio of ^ 
the Sines j 



// 



2 25 II 00 
6 28 53 17 
5,720^50 

45994^^7 

3 ? 4 28 
iij 48 49 

9 T3 28 

89 23 54 

92 41 20 

24 25 42 

102 34 48 

0^3(^8210 
0,372912 



The Error of the i ft Pofit. 0,004702 
The Error of the 2d Pofit. 0,01 156^4 



Nin;.io*^atN' 

S- g^- / // 
9 10 5 00 

7168 



2 2 



5 ly n 



6 29 54 GO 
5>72o(J8o 

4,9941 8tf 

3 y 427 
114 49 33 

9 48 34 

89 25 54 

92 41 14 

25 25 39 

102 29 48 

03368321 
0535<f757 
op 1 1564 



And becaafe one of thefe Errors docs exceed the 
Truth, and the other is deficient from it, fay, as 
J 6266, the Sum of the Errors, is to 4702, fo is 24 
Hours to 6 Hours ^6 Minutes. Hencef we con- 
clude the Time of the Station of Ju^ter to have 
been November the 9Ch> fi^ Hours and 56 Minutes 

after Noon. 
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LECTURE XXVIIL 

Of the liivifum #/ TIME, «b/ its 
Tarts. 



H E Parts of Trmt arc Icnown to all Men ; 
being Days, Hours, Weeks, Months, 
and Years. A natural Day is derermin- ^ •*»!,*/ 
ed by the apparent Motion of the Sun D*y. 
from Eaft to Well, and is that Space of 
That that flows while the Sun goes from any Meri- 
dian, or horary Circle, till it arrives to the fainc 
aeain. It is caUed neural, to diilinguilh it from 
that Signification of the Word Day, which is op- 
pofed to Night, and which are caUed the artificial 
Day- 

All Nations do not brain their Day alike. The 71* ^^uptwr 
Babyloniam counted the Beginning of their Day %i*^"t' 
from the Sun-rifing. The j'fwy formerly, and the^' '^' 
Athenians, from Sun-fetting; which r^e Italisnt, 
jiajlriansi and Bohemians^ do at this Time; fo that 
■when the Sun comes to the Wcftcrn Horiion, they 
count the twenty-fourth Hour ; and the Hour after 
the Sun is fet, they call the firft Hour. 

They who begin their Day at Sun-rifing, have 
this Advantage, that their Hours tell them how much 
Time is already gone fmce Sun-rifing i and they who 
reckon their Hours from Sun-fetting, have this Ufc 
of ir, that they know how long it is to Sun-fcttingj 
that they may proportion their Journies and Labours 
iux ihat Time. But both of them have this tncon- 
A 3 4 vcnience> 
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Lcdlure venicnce, that they cannot immediately tell by dieir 
XXVIII. Hours the Times of Mid-day or Mid-night> but they 
muft compute by the Length of the Day-time} or 
the Seafon of the Year ^ for in different Sealbns, the 
Time of Mid-day is reckoned by different Hours. 
ThcEgjfptians antiendy began their Day at Mid-night} 
from whom Hipparchusy that antient and iamous 
jiftronomefy brought that Way of reckoning into 
jiftronomy. And Copernicus^ and (bme other ^Jff»- 
nomersy have followra him therein. But the inudi 
greater Part of the AftroMmers have thought it better 
to begin their Day from Noon. Yet the Method of 
Beginning fiom Mid-night is received in Britmy 
France^ Spain^ and moft of the Nations in Europe. 

There arc two Sorts of Hours, equal and un« 
equal. An equal Hour is the twenty-fourth Part of 
the natural Day. Befides the Divifion of Hours re- 
ceived by the Vulgar into half Hours, Qyarters, and 
half Quarters, we now generally follow the jiftro* 
nomical D'w'xfiOTiy and reckon every Hour 60 Mi- 
nutes, in every Minute 60 Seconds, and in every 
Second 60 Thirds, &c. 

An unequal Hour is the twelfth Part of the artifi- 
cial Day, or the twelfth Part of the Night,* and it 
is called the temporary Hour^ becaufe at diflFerenc 
Seafons of the Year, it is of a difFerent Length. For 
a diurnal Hour in the Summer is longer than one 
in the Winter ; a Night Hour is fhorter. But in the 
equinovflial Day, the Hours in the Day and Night 
are equal to each other j and therefore the equal 
Hours are called E^uinoiiiaL The j^ews and Ro^ 
vians formerly ufcd thefe Hours, and the Turks 
reckon by them at this Day, and their Noon always 
falls upon the fixth Hour of the Dav. Thefe Hours 
^re alfo called planetary Hour 5 ^ becaufe in every 
Hour they fuppofed one of the feven Planets to pro- 
fide over the World, and they took it by Turns; fo 
that the firll Hour after Sun-riling fell on Sunday 
t) the Suny the next to Venus^ the third to Mercury^ 
and the reft in order to the Moon^ Saturn^ fupitevy 
>nd Mars. By this Mean^j on the firft Hour of 
tliQ next Day the Mpon prcfided^ and on that 

Account 
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Account gave the Name to that Day ; and the Lefture 
Days of the Week by this Method) have had their XXVITI, 
Names from the Planet that governed the firft <y>i^^. 
Hour, 'till the End of the Week. 

A Week is a Syftcm of feven Days, in which -^ w«*. 
each Day is diliinguifhed by a different Name. 
The Chriftian Church called the fitft Day of the 
Week the Lorifs Day, the Vulgar term it Sunday^ 
tad none but the Fbasatickt of our Time ever 
called it Sabbath-day. The reft of the Days of 
the Week were called Veria, Munday the fecond 
Pm«, Tutfday the third Veria, <^c. and Saturday 
tiiey alfo ctdled the Sabhath-day. But the com- 
mon People ufc the fame Names that were given 
by the Romans:, each Day being denominated from 
a Planet. 

A Month is properly that Space of Time the'* Msab, 
Moon takes to perform its Courfe in the Zodiaek j 
which, in the Space of a Year, it runs over twelve 
Times. There is another Month nearly equal to 
it, which is meafured by the Morion of the Sun, 
and is that Space of Time, in which the Sun moves 
through one Sign, or twelfth Part of the Ecliptick: 
Thefe Months are properly Agronomical. A Civil 
Month is different from them, and confifts of a 
certain Numfjcr of Days, fewer or more accord- 
ing to the Laws and Ordinances of the Kingdom 
or Republick, in which they are obferved. The 
Eg$ftians made each Month to confilt of 3oDays, 
and the Year confiftirg of 5 Dayi more than 12 
Months, they addtd them to the End of theYearj 
and called ihem Epogameine. 

The Year is either Aflrommical or Civil ;7ieCiW; 
both Kinds of the Affronomieal Years ^'iz. the ^«"- =/ «« 
Tropical and FerioMcal, we have already defined^""' 
in our XXII UBuTe. The CivU Year is the 
fame with the Political Year, eftablilTied by the 
X-aws of a Country, and is of two Kinds, Lunar 
or Solar, according as it is defigned to be rc- 

filated by the Motions of the Moon or Sun. 
here are (wo Sorts of Lunar Years, the .one 
mdveablfi. 
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Le^rc tnovcabJc, the other fixed : The moveable Year 
XXVIlIconfifts of twelve fynodick Months, or of twelve 
Lunations which are completed in 354 Days, and 
after that Time the Year begins again. This Year 
is lets than the Solar Year, which brings back 
all the Seafons by eleven Days. And therefore, 
the Beginnings of fuch Years move through all 
the Seafons, and that in the Space of 31 Years : 
This Form of a Year is obfcrved by the Turks aod 
tiahamftani. 

Since twelve Lunations is left than a Solar 
Year by eleven Days, three Lunar Years are le& 
than three Solar Yeare by ^^ Days; and there 
fore, to keep the Months in the fame Scafoos and 
Times of the Solar Year, to the third Year thae 
is a whole Month added, and it conGfts of i\ 
Months : And this is done as often as is needfiil, 
to keeping the B^inning of the Year always in the 
fame Seafon. And [he Month added, is called an 
Emholim^an or Intercalary Month. In 19 Years 
there are fevcn fuch Months, and this Kind of 
Lunar Year is called Fixed, aod was obferved 
by tixGreeks, whom the Eomani followed in this 
Matter 'till the Times of 7»6w C^far. 

The Solar Year, which is made conformable 
to the Motion of the Sun, is likewife of two Kinds, 
moveable and immoveable. The moveable is cal- 
led the Egyptian Year, becaufe obferved in that 
Country : And it conlifts of 565 Days, and is lefi 
than the tropical Year, in which the Sun runs 
his Courfe in the Ecliptick, by almoft fix Hours. 
By the neglefting of thefe fix Hours, it happens, 
that four fuch Years are lefe than four tropical folar 
Years by a whole Day . And therefore, in four 
Times 56^ Years, that is, in \\^o Years, the Be- 
ginning of the Years moves through all the Sealbns 
of the Year. 

Since therefore an Egyptian Tear is lels than 
a true Solar Year, by almoft fix Hours j that 
all the Years may go on according to the Sim's 
Motion, a Regard muft be had to thefe fix Hours. 
But it is rcquifitc alio, that the Political Year 
have 
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have always the fame B^inning, and thic ic com- Lefiure 
mence wiih the Day ; tor it would be iriconve- XXVIU. 
nient to have the Year begin fometimes at ortc K^"^/"^ 
Hour of the Day, fotnecimes at another ; which 
would necellirily tall out) if we added to every 
Year tix Hours. Now, thefe Hours, aniouniing 
in three Years to eighteen Hours, if they be ad-r 
ded (o the lix Hours of the fourth Year, will 
make a whole Day : Therefore, this Day being 
added to the fourth Year, will reduce it again to 
be even with the Motion of the Sun. yuliut C^far 

Serceiving this, ordered chat every fourth Year 
lould have an Intercalary Day, which therefore 
conllfts of 3^6 Days; and the Day added is puc 
in the Month of February. And becaufe in the 
common Year the 24th of February, in the Roman 
Way of Reckoning, was the fixth of the Kalendi 
of March-, or the iixth Day before the Kalevdt of 
March, Cajar ordered that for that Year, there 
(hould be two Sixths, or that the Sixth of 
the Kalends of March fbould be twice reckoned j 
upon which Account the Year was called Bijfextihf 
which we name the Lcap-Year. This Form of a 
Year was inftiluted by Julius Cafer, who was then 
High-Prieil among the Romans, and was called the 
Juhan Year; whofe Nature is, that every fourth 
Year conltfts of ifid Days, and the other three 
only of 365. 

But it muft be acknowledged, that the Time 
appointed by Julius Cafar for the Iblat Year is 
too much; for the Sun finiflies his Courfe in the 
Echptick in ^fl-; Days, 5 Hours, and 49 Minutes, 
and therefore he begins again his Round, eleven 
Minutes before the Civil Year is ended. So rhat 
if the Sun in any Year has entered the Equi- 
nox upon the zoth of March at Ncwn-day, after 4. 
Years he will arrive at the Equinox 44. Minutes 
before Noon, and the fourth Year after that, he will 
be [here i Hour 28 Min. before Noon ; and fo every 
Year n iMinutcs fooner than by this Reckon^ 
ing; fo that in i^i Years he will anticipate or en- 
ter the Equinox a whole Day before the ioth of 
March : 
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March : And therefore the ccleftia! Eauiaox will 
not always fall upon the feme Day of tne Month, 
but by Degrees it witl move towards the Beginning 
of the Year : And this fo fenfibly, in Compafs of 
Time, that i[ cannot be doubted. 

H E N c E in the Titne of the Council of N,w, 
(about which Time, the Terms were fettled for 
obferving Eajftr) the vernal Etjuinox fell upon the 
twcnty-fiift of March: Bur the Equinox continually 
falling backwards in the Year, in the Year oif 
Citrijf 1782, when the KaUnJar was correiaed, JE 
was found, that the Sun entered the equcno^ial 
Circle on the nth of March, and was departed 
ten whole Days from its former Place in the Year: 
And therefore, when Grtgorj the Xlllth of tbac 
NamcjBifhop of Ra'w, dcfigned to place the Equi- 
noSics in their former Situation, in refpedt of die 
Year ; he took thofe ten Days out of the Kaltndar 
that Year, and ordered, that the Eleventh of March 
Hiould be reckoned as the twenty-firft: And to 
prevent the Seafons of the Year from going back- 
wards as they did before; he ordained, that every 
hundreih Year, which in the Julian Form was to 
be a Bijftxtile, (hould be a common Year, and 
confifl only of 31S? Days ; but becaufe that was too 
much, every four hunaredth was to remain Bijfix- 
tik. This new Form of the Year being eftabhihed 
by the Authority of the Bidiop of Romp, Gregory 
XIII. is called by his Name the Gregorian Year, 
and is received in Franct, Sf^'ny Italy^ Germany, 
and in all the Countries where the Pope's Authority 
is acknowledged ; as likewife, lately in feveral where 
the reformed Religion is obferved. Yet in Britain, 
and other Northern Countries, the^«/(^« Form of 
the Year is ftill retained. 

The frrfians obferve the Egypiiau Form of the 
Years to this Day, whence it is that Equinodlies 
remain not in the feme Month, but move thro' 
them all; and after a Period of about 1460 Years, 
the Beginning of their Year falls in with the lame 
Time of the true Solar Year. This Time or Pe- 
riod 
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riod is called the Grtat Canicular Tear^ or the So- Ledture 
Thiacal Period, becaufe it takes its Beginoing on the XXVIII. 
firft Day of the Monch Thetb^ or the firft Day of tXV^ 
that Year, when the Dog-Star rifes heliacally, 
for the Word Sothist in the Egyptian Language, 
fignifies the Dog, which in Greek is called arfoaJwH, 
that iSj the Dt^-Star, which iheAJlro»e>neri name 
Sirius. 

The Antiencs not only diftinguiflied the Times 
by Years, but by feveral Revolutions or Colle- 
flions of Years ; fuch was the Juhiles of 49 or 
50 Years i an Age conlifted of an hundred Years. 
But among the Greeks, [he Olympiads were efteem- 
ed the moft Famous, each of them containing the 
Space of four Years. 

As in the Heavens there are certain Points, 
from which the u^firo?iomers begin their Compu- 
tations of the Planets Motions; To alfo there muft 
be certain Points, or Inftanrs of Time, from which 
as from Roots, all Calculations mu(t begin : And 
all memorable Actions are difpofed and recorded, 
according to the Series of Years which follow from 
that Root. Thefe Roots are called Epoch's or 
JERA'i, from which we generally count our Years 
and Times. The moll famous, belt known, and 
moft ufed by us, is chat which is reckoned from 
the Nativity of our Lord Jefi", which begins at 
the Kalends of January, that immediately followed 
his Binh. 

Now, although this Epoch is generally received 
by Chriftians, yet the Engli(b and Irip have an 
Epoch a whole Year pofterior to it, which they 
commonly ufe in ali Publick and Ecclefiaftical Af- 
Jairs : For they do not b^in their Year with the 
firft of January that follows the Nativity, but with 
the Feail: of the Conception or Incarnation, which 
is obferved on the a-jth of March ; and therefore, 
it is, that the Englip reckon from the Fcaft of 
Lady-Day 1718, chat there are compleaced 1717 
Years ; but from the Birch of our Lord, to the 
Feaft of the Nativity of the Year 1717, they 
numbei; 
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Ledhire number only 1716 Years elapsed; whereas all the 
XXVIfl. 'cft of the Chriftian World count 17 17 Years. 
\^y^%^ I N this Affair, they exadU^ agree with Diamjh 
^li Author fiusy furnatned the Lefs^ accordttig to whom, Chrifi 
tftbe iEra. jj fuppofed to have been conceived the 8th of 
the Kalends of Aprils in the firft Year of this 
JERA'y and was born the Winter following, at 
the End of the 46ch Year, from the Reformation 
of the Kalendar by Julins Caffar. This Way of 
computing was at firil univcr(ally received; but 
afterwards, by Degrees and tacitely, all Nations 
receded from it ,' fb that it does only now take 
Place in Englantl^ and the Dominions thereof,* and 
the common Opinion is, that Chrifi wxi bom the 
Winter preceding the Time that Dtonyfus reck- 
oned the Conception to have been; and by this 
Means, they niake Chrsfi, to have been a Year be- 
fore DionjJtMSy the Author of the A&rsy fuppofed he 
was born. 

B u T yet for all this, the Engli/hy for the great- 
eft Part of the Year, defign it by the fame Num- 
ber that the reft of the Chriftian World does : 
But for three Months, viz. from the Kalends of 
yamtarj to the 8th of the Kalends of -^^r//, diey 
Write one lefs. 

There is likewife the Epocha of the Crea" 
fiofty which is much noted; yet about it there are 
great Controverfies among the Chronoltfgifis -^ fome 
aflSrming, that the World was created 3950 Years 
before the Birth of Chrift ; others again fay, that at 
the Birth of Chrift ^ the Age of the World was 3983 
Years. The Greek Church, and the Emperors of 
the Eaft, ufed an Epocha of the Creation, which 
was much more antient, and makes the World to 
have been created ^^09 Years before the Coming 
of Chrift. ^^ ^ 

Am o n g the prophane Authors, the ancienreft 
Epocha is that of the Olympiads^ which begun at the 
Summer of the Year 777, preceding the Birth of 
Chri^y and on the Kalends of July. 

The Epoch of Rome^ or of the Building of the 
City, i3 not long after the Olympiads^ and there 

are 
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are two of them, the Varronian and Capiiolian ; Lcflufe 
according to the firft, the City was built che YearXXVIIL 
before chrifi 7^5 ; according to the other, it was*, 
in the Year 753. 

The ^ra of Natona^er has always been fa- 
mous among the AfirommerSi and begui on the 
iSth of FebruaTy of the J»liait Year carried back- 
ward, and before Chrift j^j. And becaufe that 
Th.y was then che firft of the Egyptian Year, P/o- 
Umy, and after him Copernicus, computed the Mo- 
tion of the Stars, according to that Mra, by Egyp- 
tian Years ; for the Egyptian Year is very conve- 
nient for Afirontmieal Calculations, it being inter- 
rupted by no intercalary Days. 

After this, we have another Epochs of the 
Death of Alexander the Great, the three Hundred 
and twenty fourth Year before Chrifi, on the 12th 
of November; which was then the firft Day of the 
Egyptian Year, Theon, Atbategnius, and (bmc 
Others, have computed from thence according to 
the Egyptian Year. Between the two Mra s of 
Nabojiafer, and of the Death of Alexander-, there 
are precifely 424 Egyptian Yeats- The Abi^tet 
reckon by another Mra, which is called the jEra 
tf the Martyn or of Dioclefian. The Turii and 
Arabians reckon by an .£ra, which they call [he 
HegiTa, which takes its Beginning from the Flight of 
Mahomet. The Ferfiant have Hkewife an Epoch-, 
which they call 7f/^cjiri/iall which are explained by 
the ChTonologifts. But the Julian Period, feems to 
be the moft ufeful and convenient of all, it includ- 
ing almoft all other jura's within it, and it is a Pe- 
riod of 7980 Years ^ which Number iscompofedby 
the Multiplication of the ihree Numbers, i?, 19, and 
28. The iirft is the Cycle of the Indidion; the fc- 
cond is the Metonick Cycle of the Moon; and the 
third is theCj-f/eof theSun. And the firft Year of 
this Period was that wherein all thefe three Cyclet 
began together. I will here add a Table; which 
gives the firft Year of the feveral MraS) and re- 
duces 
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Ledurc duc« them to the Years of the 7w/;« Period, and 
XXVin. to the Years before or after the Bir± of Chrifl, 

Year, Yar, tf 
tefirt tbt Juliaa 



The Crettion of the World accord- 
ding to the Greek Emperors, _ 
The Gammon vEra of the Creation, 
The Beginning of the O/fm/iaai, 
The BuUding of Bi"»?, according to 

The Building of Rom?, according to 
* the Regifters of the Capitol, 
The -XRA of Naiionaffary 
The Death of AltxanAr the Great- 



The common Chriftian Epochs 
The Biocleftan Mra-, 
The Hegira of the Tari/, 
The Jifdeiird of the Ferfian 
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LECTURE XXIX. 



Of the Kalendars. Of Cycles and 
Periods. 



RHE Katcfidar is a Table, in which are tjj Kalen- 
I fer down all che Days of the Year, in a da>. 
I regular Difpolition, according to their 
I Iwinths, with a Diftribution of them 
> Weeks. The Vigils, Holy-days, 
and Law-days, together wiih the Univerpiy Terms, 
are likewife annexed. The Diftrjbution of Days 
into Weeks is made by the Teven firft Letters of the 
Alphabet, ABCDEFG. Beginning at the firft of ^'D™'- 
January, to it place the Letter A ; to the fecond of "" ""' 
January B is joined ; to the third C j and fo on to 
the feventh, where G is figured : And then again 
beginning with A, which is placed at the eighth Day, 
B will be at the Ninth, C at the Tenth ; and fo 
continually repeating the Series of thefe feven Letters, 
each Day of the Year has one of thofe Letters in 
the Katetidar. By this Means the lail: of Dtcemher 
has che Letter A joined to it. For if the 365 Days 
which are in a Year, be divided by feven, we ftall 
have 52 Weeks, and one Vivf over. If there had 
been no Day over,, all che Years would conltant- 
ly bemn on che fame Day of the Week; and 
each Day of a Month would conflantly have 
fallen upon che fame Day of che Week. But 
now, becaufe, befides the 52 Weeks in the Year, 
th^re is one Day more, from thence it happens, that 
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Lefturc on whirever Day of the Week ihe Year begins, it 
XXIX. enJi upon the lame Djy; and the next Year be- 
j gins with the foUowing Day. For Example, in a 
common Year of 765 Days, if the Year begin 00 
a Satidayy it will end on a SuitJay i and che firll Day 
of the ncm Year will be Monday. 

The Letters being ranked in this Order; ihatLcr- 
ter which anfwers to the Brft Sunday of yamnary, in 
acommon Ycar,witl (hew all the Sttndayt throughout 
the Ycari and to whircvcr Days in the reft of the 
Months that Letter is pur, chelc Days are all Simdap ; 
and therefore that Letter is called the DeminUaf at 
Sunday Letter of that Year. So alfo whatever Let- 
ter is joined to the tirft Monday in yanuary^ [he 
fame, as often as it is repeated in the Kalendar^ Qiews 
the Mendajs throughout the Year. 

If the firft Day of January be a Sunday-, the laft 
Diy of the Year, as I have faid, will likewile be a 
Sunday i and therefore, the next Year will b^tn on 
JUeuday, and thsSattday will ^t onthefeventnDay, 
to which is annexed the Letter G ; which therefore 
will be the Sunday Letter for all that Year : And fincc 
the Year began on Monday^ it will alfo end on that 
Day ; and the following Year will begin on a Tu^day, 
and the firft Sunday will fall upon the fixth of Janu- 
ary^ to which Day is adjoined the Letter F, which is 
the Sutday Letter for tkat Year. And in the lame 
Manner for che Year next tbilowing, the Domtuktl 
Letter will be E : By this Means the Sunday Letters 
will go in a retrograde Order by G F E D C B A. In 
the yearly Katendart, which we call j^Imanacii, 
which is an Arabkk Word, the Dominical Letter, 
to diftingutlli ir the bcrcer, is made a Capital, 
and all the reft are of a fmaller Form. Qy this 
Means, at one View, wc (hail fee all the Sxndayi in 
the Year. 

If all the Years were 'Egyptian Years of ^fiy Days, 
after a Period of feven Years, the fame Days of the 
Month would return to fall on the (ame Days of the 
Week. Bui we obferving the Julian Year, where 
every fourth is Biffrxtitt, or confilts of ■^66 'DifS, 
in whichj belidesttie ^iWeeks* there arc two Days 
over.. 
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over. If that Year fhould begin with a Sunday, ir Lcdure 
will end on a Monday ; and the next Year will begin XXfX. 
on Tuefday j and the firft Sunday of that Year will be 
on the futtb of January., to which is annexed the 
Letter F, which will be the Dominisai Letter for the 
Year following that Leap-year, whofe DomijMcW Let- 
ter was A. 

By this Means, the BiJffxHk Year returning everjr 
fourth Year J the Series of the Dominical L.;tters, fuc- 
ceeding each other, is interrupted, and does not re- 
turn in Order till after four times feven, or twenty- 
eight Years. Hence arifeth the Cycle of 28 Years, 
which is called theCyck of the San; which being 71* Cyde^ 
completed, the Days of the Months re;urn in the'*'^""- 
fame Order to the fitne Days of the Week. In this 
Cyeie all the Bijfexrile Years have two Domimcal Let- 
ters, the 6rft of which takes Place till the 2+th or 
25thofFf6r«flr>', and the other ferves for all the reft 
of the Year : For in the Biffextik Year the 24th and 
3^th of February are efteemed as one and the fatne 
Day, and both of, them have the fame Letter F an- 
nexed to them j and by this the Order of the Sunday 
Letter is interrupted. For E>:amp!e, If in the Be- 
ginning of the Year the Sunday Letter is E, the 24th 
O^ February will fall upon a Monday, and the z^th 
on a Tuefday ; both which Days are marked with the 
Letter F ; and therefore the following Letter G, 
which fhewed the Tuefdays before, will now poin: 
out the iVedncfdays ; and the next Sunday will fall 
upon the fixth of March, to which, in the Kalendar, 
is annexed the Letter D ; which will point out the 
Sundays for all the reft of the Year, and then becomes 
the Dominical Letter. 

The firft Year of the Cych of the Sun is a Bifex- 
■tile ; and the Dominical Letters, anfwering; 10 it, are 
■G and F. For the fecond Year the Sunday Letter is 
E, for the third D, the fourth C ; and again, the 
fifth Year of the Cycle being a Biffrxtile, has two Vo- 
minical Letters B and A j an J fo in the reft. The fol- 
lowing fmall Table fiiews what Dominical Letter be- 
longs to each Year of the Cyck. 

Bba I 
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[ on the i4ih Day, but on the Sunday after, LeSure 
iBle our Lord rore upon the Sunday atter the XXIX. 
li PafTover, ■ V-^"-.^ 

ItRKfc'oRE for determining the Time for the 
MioD of Eafier, we muff define ihc Time of 
■ lox, which was believed to be fixed to the 
,t of Mareh, and the Favbers thought ic 
ter happen on any other Day ; and rtiere- 
F made their Kalendar upon that Suppofi- 
pen they called that the Pafchal or firft 
vhofe 14th Day, or Full Moon, fell on 
jodial Day, that is, on the 21ft of March^ 
RlDowed the 21ft of March. But bccaufe 
B Months were lunar Months, the 14th 
_iediareiy preceded the Full Moon; there- 
Kthe Time of the Obrervation of Eajler^ 
Tbavc a Regard to the Motion of the Moon, 
Irenes of New-Moons and Full-Moons 
found. The Jf-j-'v had no other Way of 
5>e New-Moon, but by obfcrving it; and 
■ "jon firft appeared to emerge out of the 
_ . or to rife in the Evening hcliacally, 
^'diey called the firft Thy of the Moon or 
f,The Chriflian Church computed their 
% by the Metenkk Cycle of 19 Years; and 
^ diey inferted this Cycle in their Kalendanj 
aits Numbers the Frhnes or Gold-numbers, 
1) ^ey determi[ied the Times of the Luna- 

Metsnick Cycle, called fo from its In-'jii cyde 
Mtlon, is airo termed the Cycle of liteofibrMutft, 
ffid is a Period of 19 Years; which when"",*' *^'' 
9 compleated, the New- Moons and Full-^^_ 
btettirn on the fame Days of the Month ; 
r on whatever Days the New and FuU- 
Ifall this Year, 19 Years hence ihey will 
V on the very feme Days of the Months, 
i and the Ruhers of the Primirive Church 
Afid therelnre, it the Time of the 
1 of Nife^Vbcii liie Way of fettling the 
'- bfclfcftH '.lie Feaft of Eafier was 
i ilimbe'-i of the lunar Cyck were 
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Ledhire inferted in the Kalendsr^ which upon the Account 
XXIX. of their excellent Ufe, were fet in golden Letters, 
and the Year of the CjcU for any Year, was called 
the Golden Number of that Year. 

The Golden Numbers were placed in theKir- 
Undar^ according to the folbwit^ Method ; taking 
any Year for the Beginning of the Cycky which they 
reckoned by the Number i> and obferving, every 
Month, the Days on which the New-Moons hap* 
pened that Year, juft by thoTe Days they joined 
the Number i. And becauie, in that Year, the New- 
Moon ^ happened on the twenty-third of Jmnuaryy 
the twenty-firft of VehruMr), the twenty-third of 
March^ the twenty-firft of jifrll^ the twenty-firft 
of -i^iay^ the nineteenth of june^ and (b in the 
reft; juft by tbofe Days in the Column of the 
Golden Number they put the Number i. The &- 
cond Year obferving the New Moons, to the Days 
on which they happened they infcribe^ the Num- 
ber 2^ viz. to the twelfth of y^nustyy the tenth 
of Februaryy the twelfth of March^ and tenth of 
jifril-i and fo on in the reft of the Months. The 
&me Thing was done the third Year, annexing the 
Number 3 to all the Days the Moon chang^ in 
that Year \ and lb on, in the foUowii^ Years, till 
the whole Period of 19 Years was compleated. 
But the moft accurate Difpofition of the golden 
Numbers is by the mean Lunations, as they are 
fee down in the ^ftronomical Tables, for every 
Month and each Year of the lunar Cycle ,• and fix- 
ing, according to that Computation, theCharader 
of the Year to each Day on which the Lunation 
happens. 

Because a lunar Aftronomical Month con- 
fifts of 29 Days, 12 Hours, 44 Minutes and 5 
Seconds i the common People, who caniK)t di- 
ftinguiih the fmall Particles of Time, make 
the lunar Months to confift of entire Days with- 
out Fradion . and on that Account they alter- 
nately put one Month of 30 Days, and the next 
of 29 Days. Tbefe ftre caUed Hollow or Cave, 

that 
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that is, deficient Months, the others Full ; the 12 
Hours over the 19 Days, requiring this Alternation: 
But becaufc there are 44. Minutes befidesj which 
is almoft three Quarters of an Hour, in every Lu- 
nation i in la Lunations chefe Minutes will make 
up a whole Day, which is co be added to a hollow 
Month; and by [his Means the Lunations of the 
Kalendar will nearly agree with thofe of the Hea- 
vens. 

I F we know the Year of the lunar Cycle, which 
in our Liturgy is called the Prime, we have the 
Days of the Moon's Change throughout the Year; 
for in each Month, the Golden Number or Frime 
is fee to rhe Day the Cliang;e happens on ; and add- 
ing to that 14 Days, we ihill have the Day of 
Fi3l-Moon. 

The Antients imagined, that ihe Cycle of 19 
Years did exadly cotnpleat 235 Lunations; and 
therefore, after the Revolution of that Time, that the 
New-Moons not only fell on the fame Days of the 
Month, but likewile on the fame Hours of the 
Day, which is not true; For in 19 Ju/ianYeiTS, 
there arc 6939 Days and 18 Hours. But if to 
every Lunation we allow 29 Days, 12 Hours, 44 
Minutes, 3 Seconds, which the Motion of the Moon 
requires; 2:55 Lunations will make 1S939 Days, 16 
Hours, 51 Minutes, and 45 Seconds. Therefore 
23^ Lunations are not equal to 19 fithan Yeats, 
but are lefs by one Hour and an half. And confe- 
quently, the New-Moons, after 19 Years, will not 
return to the fame Hour, but will be an Hour and 
s halt fooner ; and in 304 Years they will anticipate 
a whole Day, And therefore the Golden Number 
will] precifely enough for common Ufe, (hew the 
Lunations in the Space of three Centuries, without 
the Error of one Day. In the Council of N/V*, 
when the Cycle of the Moon was fitted to the Kj- 
kadar, and fome Centuries afterwards, it did nearly 
enough give the Time of the New Moons. But 
the Lunations m ev«ry 504 Years anticipating a 
whole Day, they now happen almoft five Days 
B b 4 fooner 
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LeAure fix>ner than they flKnild do> according to the Rule 
XXIX. of the Golden Number : Notwithftandii^ of ths, 
the Church of Englamd retains the Way of com- 
puting the Lunations by the Golden hfumber, as 
it was difpofed in the Kalendar at the Time of 
the Ktceue Council : And the New Moons, com- 

Suted in that Manner, are called £ccle(iaftical New- 
AooDSy to diftinguiih them from the true ones, 
in the Heavens : And the general Table or Rule 
for finding Eafier for ever, which is in our Litur- 
gy, by the. Golden Number and Dominical Letter, 
is made according to that Difpofition of the Golden 
Number. 

In the (irft Year of the Chriftian JEra^ 2 
was the Golden Number; and therefore, if to the 
current Year of Cbrift we add i, and divide the 
Sum by 19, the Remainder, after the Quotient, will 
give the Golden Number. 

From the Cycles 6i the Sun and Moon multi- 
plied into one another, arifes a third Period of 
532 Years, which is call'd the Vt&orian or Di<H 

Kfian Period : And after the Completion of this 
rriod, not only the New and FuU-Moons return 
to the fame Days of the Month \ but alfo the 
Days of the Months return to the fame Days of 
the Weekj and therefore the Dominical Letters, 
and the moveable Feafts, return again in the fame 
Order. Hence this Cycle is called the great Taf- 
chal Cycle. 

T o find the Year of the Dimyfian Period 
for any Year of Chrift^ to the current Year add 
the Number 457, and divide the Sum by 532, 
the Remainder, after the Quotient, is the Year of 
the Period. 

It is a Problem of another Kind : Having the 
Cycles of the Sun and Moon^ to find the Tear of 
the Dionyfian Period, For Example, fuppofe the 
Year of the Cycle of the Moon be to 17, and of 
the Sun 21 : To folve this Problem^ it is re- 
quired to find a Number, which, when it is di- 
vided by 19, leaves 17, and when it is divided by 
;i8, leaves 21. To find this, let it be requir'd 

to 
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to find two Numbers, one of which will divide Lefturc _ 
exaftly by 28, without a Remainder, but when XXIX. 
it is divided by 19, leaves 17 i and another Num- 
ber, which will divide exaftly, wichouE a Remain- 
der by 19, but when it is divided by 28, leaves 
11 : It is plain, that the Sum of ihefe two Num- 
bers will anfwer the QueiHon- 

We will here fliew the analytical Inveftigation 
of thefe two Numbers. We will fappofe the firfl: 
Number to be 38 *, for it is a Multiple of 28; 
and becaufe this Number, divided by 19, leaves 
I7i if we take 17 from it, the Remainder, di- 
vided by 19, will be a Number; fmce then 19 di- 
vides 28* — 17, and it alfo divides 19 at, there- 
fore it will divide their Difference, which is 

9 X — 17; confequently is a Number. 

Call that Number «, confequently 9a; — i7=i9w^ 

and 9 * =: 19 » -f 17, and :< = ^9 » +J7 
9 

and becaufe x is an iutire Number, 9 muft divide 
1 9 w + 1 7, but 9 divides 1 8 » -|- 9 ; therefore ic 
will divide the Remainder k-)-8, and therefore 

— 3^ is a Number. Let that Number be ij and 

9 
w will be ^ I, and 1 = 4; confequently, 
28 * = 112 = to the firll Number to be found, 
Suppofe, the fccoad Number to be 19 ^ i for it 
muft be a Multiple of 19 i therefore ^9 y — ^t 
is an integer Number^ fuppofe it to be n; then 

19J — 21 =a8», andj-^: ^ " .. "'" . ^^ j which, 

19 
muft likewiTe be an intire Number ; and therefore 
28 »+ 21, will be divided by 19-. But 19 divides 
19 K-f-i9; wherefore it wili divide the Remainder 

9 n -|- 2, and 2 ZLT is an intire Number ; fuppofe 

19 
lt:=/; then IS 9 w-f- 2 ^ i9/i,ana!7= 
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XjtOcart therefore 91 muft divide 19^ — a ,• but it dividej 
XXIX. 18 ^> therefore it muft alfo divide f — a, and 

f - is an Integer or o : Let it be equal to o> then 
9 _ 

18^=3 2, and -2Z =:xi=:4, and 1^ y z=z^%n 

9 ^ 
4-2i = i3?9 therefore one of the Numbers is 1 12, 
and the other is 113, whofe Sum is 245, the 
Number required : And whenever the Cycle of the 
Sun is 2i> and that of the Moon I7> the Year of 
the Di^nyfi^n Period is 24^. 

The fame Problem may be otherwife folved, 
by ftated and conftant Mult^>licators, which are 
luch, that one of them can be divided by 28> 
without any Remainder; but if it be divided by 
19, there remains i : The other will divide by 19 
without a Remainder j but when it is dividea by 
28, there is a Remainder of i : Such Numbers 
are found in the fame Way? as the preceding Num- 
bers were ; viz. I fuppofe the firft to be 28 *, and 
the other 19^^; wherefore 19 will divide the Num- 
ber 28 * — I, without any Remainder ; and therefore 
it will divide 9X— i without a Remainder^ and 

Ei^Hl? will be a whole Number: Suppofe it 
19 

equal to » ; then x =-i — -i— 3 therefore -J— is an 

9 9 

intire Number, and the leaft Number that can 

be put for » is 8 : Let therefore » = 8, and ar, be- 
ing = i-2-lIII_!j muft be 17; therefore the firft 

Number, being 28 x, will be 47^. Agaki, let 

^^>-:' = «, then y = ill+J i fiippofe 
28 19 

?Hi.x ^,. then is »= 12^111, and L=J is ei- 

19 9 9 

ther a whjle Number or nothing, let ^ — 1=0, 

lind/» = li then n iL£JIl?c=:2,andi9j'=28» 
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-J- I := <;7. Therefore che two Numbers that Ledure 
were to he found are 4.76 and ^7. And becaufe XXIX, 
the Number 47^, divided by 19, leaves i, if it be ^VNjI 

multiplied by any Number lefs [ban 19, and the 
Prodjft be divided by n, there will remain the 
Number which makipHcs it. In like Manner, be- 
caufe 57, divided by 28, leaves i, if 57 be multi- 
plied hy any Number iei^ than 18, and the Produft 
be divided by 28) there will be left that Number 
which multiplied 57. Hence we draw this general 
Rule, for finiing che Year oi i\\s Dionyfian Period. 
Multiply the Cjele of the Sun by ^7, and the CytU 
of the Moon by 476 i divide the Sum of the Pro- 
duds by 5 52, ttfe Remainder, afer the Quoticac, will 
be the Year of the Diouyjiaa Peinod. 

Besides the Cycles of the Sun and Moon, ^'. ??''*"/ 
there is another Period of Years, which is called '""' 
the Cytft of Indiflions, which the Romanf ufcd, 
and has no Connexion with the celeftial Mo- 
tions, but is a Revolution of 15 Years, which he~ 
jng compleated, it begins again. It is fte<]uenrly 
mentioned Id the Imperial and Pontifical Diplomas. 
The Year before the Birth of Chrijl, the Indiaion 
was } ; and therefore, if to the Year of Chrifi you 
add 5, and divide the Sum by 15, the Remainder 
fliews the Year of the IndiiLbon. It there be no 
Remainder, the IndiiSion is 15. 

Of ihefe three Cjder of the Sun, Moon, and'^'J"!' 
Indiction, by their mutual Multiplication, the Jtt-^""^- 
/ioM-Period of 7980 Years is compofed. This Pe- 
riod had its Beginning -jG^ Years Ijcfore the Crea- 
tion, and is nor yet compleated '-. and therefore ic 
comprehends all other Veriods^ Cyder, and Epochet 
and the Times of all memorable Adioiis and Hi- 
ftories. There is but one Year in the whole Pe-r 
riod, which has the fame Numbers for the three 
Cycles o( which it is made up; and therefore, if 
ihe Hiftorians had remark'd in their Annals the 
Cj/clei of each Year, there had been no Difpure 
about the Time of any Ai^on. Framtbi 

The Year before the Birth of Chri(i was the*""':"-'^ 
471 jih Year of the 7«.'w» Period. And ihctetore,^„",ji° 
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Leftare if to the current Year ofChrifly we add 47135 the 
XXIX. Sum will be the Year of the yulian Period : On 
the contrary, from the Year of the Julian Period, 
fubrradt 4713, there will remain the Year of the 
Chriftian Mr a, 
rrom the Having the Ycars of the Cycle of the Sun, Moon, 
cylrJcs tt and Indiftion, to find the Year of the Julian Period. 
fntiti' Year This Problem may be folved in the fame Manner, 
^^^"''"as we fliew'd in the like Cafe about the DioHyfian 
*" Period, viz. by finding 3 Numbers, fuch as the 

firlt is a Multiple of 19 and ly, or of their Pro- 
dudt 285; but being divided by 28, leaves the Num- 
ber of the Cycle of the Sun for a Refiduc. The fe- 
cond Number muft be a Multiple of 28 'and 15, or 
of their Produft 420^ but being divided by 19, leaves 
the Year of the Cycle of the Moon. L,afily^ The 
third muft be a Multiple of 28 and 19; but being 
divided by 15, leaves the Year* of the Indi&ion : 
The Sum of thefe Numbers, if lefs than 7980, is 
the Year of the Julian Period. But if the Sum be 
bi^er, divide by 7980, and the Remainder will be 
the Year of the Period required. 

The Problem may likewife be folved by con- 
ftant and ftated Multiplicators, the firft of which 
is a Multiple of the Number 285 ; but divided by 
28, leaves i. The fecond is a Multiple of 420, 
but divided by 19, leaves i for a Refidue. The 
third is a Multiple of 532, but being divided by 
15, leaves for a Remainder i. Thefe Numbers 
are to be found, by the fame Method we fhew'd in 
our former Prohlem^ concerning the Dionyfan Pe- 
riod, and are 4845, 4200, 6916 ; which being 
once found, the Canon, or Rule for finding the 
Year of the Julian Period from the Years of the 
Cycles^ is this; multiply the Number 4845, by 
the Year of the Cycle of the Sun, and the Number 
4200 by the Year of the Cycle of the Moon , like- 
wife the Nuipber 6916, by the Year of the In- 
didlion. Divide the Sum of thefe Produfts by 7980, 
" neglccbing the Qaotienr, the Remainder will be 
the Year of the Julian Period required. Exam- 
ple : In the Year 17*19, the Year of the Cycle of the 

bun 
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Sun is 19, of the Moon 9, and of the Indiitioa Leisure 
11; multiply 4845 by 19, the Produift is 92075; XXX. 
and 4200 being multiplied by 9, the ProdutS is w^'Vsrf 
37800; and laftly, (S9 16 being multiplied by n, 
theProduft is 76076. The Sum of the ProduiSs 
is 205931 ; which, being divided by 7980, will have 
a Remainder of 6431 Years, which is the Year of 
the Julian Period. 



LECTURE XXX. 

\An Appendix, containing a 'Defcription 
andUfeofhoththeQ^ohtSi together 
with fame Spherical Problems that are 
to be folved by a Trigonometrical 
Calculation. 

I F the Things which pertain to tht 
; G/obes, fome are common to both 
I GhbeS) fome are peculiar to one of 
, the two : And thofe Things that are 
j common, arc either without the Sur- 
' face, or painted on the Surface. With- 
out the Surface of the Globes, are to be feen, 

First, The two Foks, about which the Globes 
revolve : The one is the ArSick Pole, named To from 
the two Bears that are nigh to ir, and is called like- 
wife the Septentrional or North Pole, from the 
Septem Triones, or the feven Stars of Charles's Wain : 
The other oppoiite to it, is called the AntarSitk 
Pole. 

Secondly, The Brazen Meridian, and 
one Side of it only, which is diftinguiflied and di- 
vided into Degrees, and which, pafling through the 
Poles, reprcicnts the rruc Meriaian ; and this Side 
is always to be turned ro the Eaft, and the North- 
Fole to the North, The Meridian is divided into 
four 
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Lefturc ftnir Quadrants of 90 Degrees, two oF which are 
XXX. reckoned from that Part of the Equmoflial that is 
above the Horizon, towards each of the Poles ^ 
the other two Quadrants have their Divifions of 00 
Degrees, beginning at the Poles, and ending in the 
Equator. 
Thirdly, the wooden Horizon, whofe up- 

5er Side does onlv reprefenc the Horizon, and is 
ivided into feveral Circles, the innermoft of which 
contains the twelve Signs of the Zodiack, diftin- 
guifhed by their Names and Charaders, and each 
Sign is divided into 30 D^rces. Next to this are 
join'd two Qrcles, with the JuUam and Gregorian 
Kalendars, difpofed according to their Months and 
Days. The optermoft is a Orcle with all the Points 
of the Compais, and the Winds, as they are deno- 
minated by the Sea-men. 

Fourthly, a Brafi Quadrant of Altimde^ 
whofe Edge is divided into Dqg^ees, and is to be 
faften'd to the Meridian at the 90th Dqgree from 
the Horizon i from which the D^rees are num- 
ber'd upon it upwards to the Zienith. 

Fifthly, The Horary Circle divided in- 
to twice twelve Hours : The 12th Hour at Noon 
is upon the upper Part of it at the Meridian, 
and the 12th at Night is on the Meridian at the 
lower Side towards the Horizon. The Pole car- 
ries round the Hand which fliews the Hour, 
and is in the Center of the Circle : The Hours 
upon the Eaft Side of the Meridian are the Morn- 
ing Hours ; thefe on the Weft Side are the Hours 
after Noon. 

Sixthly, The Mariner's Compafi is fixed 
upon the Pediment or wooden Frame, which 
contains the Globe; and by it the Globe is put 
in a right Pofition, in refpecSt of the Points of the 
Heavens. 

Seventhly, The Semicircle of Pofitiort, 
whofe Extremities are fixed to the Points of North 
and South, fo that the Semicircle can be moved 
freely from the Horizon to the Meridian, and may 
be raifed 10 any Pofition. Thefe. Things we have 

defcribed 
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dcfcribed ire without the Globe. Bat on the Sur- Lefture 
foces are delineated the Things following : XXX. 

FiRSTj The cqiiinodial Circle divided into ^•V^ 
^60 Degrees ; the Numbers begin at the vernal 
Interfe£tion, or at iirft of Tj and are continued 
'till they return to the fame. 

Secondly, The Ecliptick, divided into 
12 Signs, and each Sign into 50 Degrees, their 
Names, Charaftersj and Order are to be learned: 
they are, 

T y n 

Aries, or the 'Ram. Taurus, or the Bull. CeminijOt 

S ft 

theTiu/sy. CaWffr,ortheCriii. Leo, theZJffia. 

Virgo, ihcFirgm. JJbra,th.e Balance. Scarpius, the 

Scorpion. Sagittarius, the Anher. Capriegrniis, the 

SZ K 

Goat. Aqiiarius,t\icWater-l>earer. Ftfies,iheFifies. 

The Sun in his annual Motion paffes through 
the Ecliptick, and if we add to it a broad Space 
of about eight Degrees on each Side, we have the 
Zodiack, in which are the 12 Ajicrifms or Con- 
ftellationsi the tnoit of which have the Likenels of 
fotne living Creature; upon which Account the 
Zodiack has its Name. In this broad Circle the 
Moon, and all the Planets perform their Motions : 
The Ecliptick is to be diftinguiilied from the 
Equinodial Circle by this, that the Equinodtial> 
while the Globe is turned, does always cut the 
Meridian and the Horizon in the fame Points. But 
the Ecliptick conftantly changes its Pofition i fome- 
times, while the G/oi-e is turning, ic is high, fometimes 
it is low ; fometimes i: cuts the j^quator and the 
Horizon in one Degree, fometimes ia another. 

Thirdly, There are two Tropicks of S 

and yf, which are the Limits or Boundaries of the 

Sun's Deviations from the Equinodtial, cither to- 

waidi North oc Souths including between them 

the 
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I r . ! c the oblique Courfe of the Sun> that isy die EcIi]V 
> A "C. tick, and may be called the outermoft of the Sun's 
P.iraliels. For becaufe the Sun every Day pafles 
to a different Degree of the Ecliptick in its annual 
Motion, that Dc^ee with the Sun in it> being car- 
ried round the Earthy by the diurnal Revolution of 
the Heavens, will defcribe a Circle parallel to the 
.Aquacor j and then there muft be lb many Parallel^ 
as there are Days from the longeft to the ihorteft; 
tho' the Sun does not remain for a Day in one Point 
of the Ecliptick, but is continually advancing for- 
ward ; and therefore does not defcribe a peifbd 
Parallel, but rather a fpiral Line : But the D&lfauice 
between each Spire being but very fmall, eipecially 
near the Tropicks, we may well fiippoie the fingle 
Revolutions, but eipecially the outermoft, to be 
Parallels; which is ui£Bcient for common Ufe^ and 
is mod convenient. 

Fourthly, The two polar Circles, the Ar&ick 
and Antardlick, which have been explained in our 
VII and XViri Leaures. Thefe TWngs we have 
here mention'd, are common to both GhbtSy dio' 
the Ecliptick and the Semicircle of Pofition do 
properly belong only to the celeftial Globe *y yec 
they are put upon the terreftial Globe aUb, that 
the Vh^enomena^ which depend upon the Motion 
of the Sun, and the Points or Cufps of the Houfes> 
may be thereby explained, if needful. 

Those Things which are peculiar or proper 
to one Sort of Globe^ are partly fome Qrcles or 
curve Lines; as in the celeftial Globe^ the two Co^ 
luresy and the Circles of Latitude ; in the terreftrial, 
the Meridians, Parallels and Rhumbs : partly the 
Reprefentations in the terreftrial Globoy of Seas, 
Iflands and Countries, which we leave to the Geo- 
graphers to defcribe. In the celeftial Globe the Fi- 
gures of theConftellations are painted, and the Stars 
reprefented in the fame Order, Magnitude and Po- 
fition, they have in the Heavens. Thefe we have 
enumerated in our Vi. Le£iure, 

Having 
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Having defcribed the G/oi«, we come now Leflure 
to fliew their Ufe, which is manifold ; but for our XXX. 
prefcnr Purpofcj it is chiefly contained in the follow- v 
ing Frohlems. 

PROBLEM I. Ha-ving a TUce in the tens- 
fflrial Globe, to finiiits L/mgiluJt and Latitude. 

Turn the Globe till the Place comes to the Me- 
ridian (I mean to the Eaftern Side of the Brafs Me- 
ridian) i and the Degree of the .Equator, which is 
then under the Meridian, whatever Number it is 
mark'd by, (liews the Longimde of the Place i 
then upon the Meridian, count up from the jT.qui- 
tor the Degrees mark'd, till you come to the Placcj 
and you have the Latitude; which will be North 
Latitude, if the Place be on the North Side ; or 
Southern, if it lies upon the Southern Side of the 
j^quator. 

PROBLE M U. Bavins the LongituJf and 
Latitude, to pndout the Place on the terreJlTiitlGlobe, 
to ixihich they belong : Seek in the jEquator the De- 
gree of Longimde that is given, and bring it to 
the Meridian i then count from the .Equator on the 
Meridian, the Degree of Latitude given, towards 
the Arflick or AntariSick Pole, according as the 
Larimde is either North or South, and under that 
Degree of Latitude lies the Place that was to be 
found. 

PROBLEM in. To re^ify bath Globes, and 
fet them to a given Latitude or Elevation of the Pole j 
and to apply the Quadrant cf Altitude to the Vertical 
Point; and to place the Globes according to thePoints 
of the Compafi, by Help of the Needle. If the Lati- 
tude of the Place be North, raife the Ardick Pole 
above the Horizxin i but for a South Latitude, 
you mull: raife the Antardtick : Then from the ele- 
vated Pole, count upon the Meridian towards the 
Horizon, the Degrees of the Poles Elevation ; 
and chat Point where the Reckoning ends, bring 
to the Horizon, and then the Globe is adjulled to 
a due Elevation. Count from the Equator on 
the Meridian the Latitude required, and there 
Will the the Vertex of the Place, or the Zenith. 
C c To 
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Lcfturc Toihis Poinc of ihc Meridian faftcn theQutdnntnf 
XXX. Alciiudc, with the Screw ihar is at ilie End of it, 
J (6 [hat the Edge of the Qyadraor, which is divided 
into Degrees, may be join'd to this Poinr. Lafilf^ ' 
Turn (he whole Frame in which The Ghht is wirb 
its Pediment, till the roagnetick Needle lie in the 
Plane of (be Meridian, fo thm the North Point of 
the Horizon of the Glake be turn'd Northwards; 
then will tlrc reft of tlie Points on die Horijoa of 
the G/<iif agree with cbc cxirrefponding Points of the 
Horizon of the Place. 

Pi?OBi.E-fl/IV. To finJ for sny Day of the 
rtar the Deiree »r Place of The Sm in the Ectiptick, 
hj ike Ht!p of tbcKalmJsf, snd tbeCirele &f Sipa 
tdjointl; aini iteti' ta tnari it nfon the Ecliptuk. 
£eekin the wooden Horjion, the Month and X>xf 
given ■-, but take care to diftinguiih the Jubtm and 
GrtMrign Kalendarn, tliatyou may not miftake the 
one for the other : Then in the innermeft Circle, 
which is the Circle of Signs, over-againft the Day, 
you wiil fee the Degree and Sign in which the 
Sun is that Day. In the Ecliptick which is drawn 
upon the Surface of the Glohe^ feck firft the Sign, 
snd then the Degree of the Sun's Place. The Place 
of the Sun is more accurately found out by«n Efhe- 
meris, which is made (or each Year, or eifc ic may 
be calculated by jlfhoTio^mcal Tables. 

PROBLEM V. Te find the right A fienjlen and 
DeclinttioKof the Suit, or any Star ; andhy that Meant 
toadju^ the Hand -which paintt the Hauri to the tiseiftb 
Hour. Brin;^ the Sun's Place in the EcUptick, found 
by the laft Problem, to the Meridian, and mark the 
Degree of the v^quator which is then under the 
Meridian, that will be the right Afcenfion of the 
Sun L Then compute from the EquinoiSial on the 
Meridian, the Number of Degrees to the Place of 
the Sun; they will fliewthe Sun's Declination, which 
will either be North or South, as the Sun is on ibis 
or the other Side of the jEquator. When the Place 
of the Sun is in the Meridian, turn the Hour-hand 
upwards, tilt it comes to the twelfth Hour at 
Noon. After the ikme Manner bring the Place of 
any 
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any fixed Star to the Meridian, and you ihall find Lecture 
its right Afcenlion on the jEquator> and its De- XXX. 
clinariOD on the Meridian. Having the Place of •Y^J 
the Sun, we (hcw'd how to find its right Afcen- 
fion and Declination by Trigonometry in our XIX. 
LiHure. 

PROBLEJtfVI. To fnd the Meridian A!ti~ 
t«de of the Sun, or any fixed Slaty by a ^adr^»t,of 
any other Injirument ft fir the Fu^pofe. \Vc (hew'd 
the Method of obferving the Sun's or a Scar's Altitude 
in LeiJure XIX. 

PROBLEM VII. Having the Declination and 
Meridian Altitude of the Sun, or of a fixed Star, to 
fi^d the Latitude of the Piace or Height of the Polt 
above the Horizon. The Method of finding the 
Latitude by Obfervation was likewifc explain'd io 
La Bur e XIX. 

PROBLEM VIII. Having the right Afie»^ 
fion of the Sui, and of a fixed Star, To find the Tim 
when the Star culminates or comes to the Meridian. 

Subtract the right Afccnfion of the Sun 
from the right Afcenfion of the Star, adding, if j 
needful, j6o Degrees ; and there will remain the , 
Arch of [he Equator, that has paffed the Meridian 
between Noon and the Time of the Culmination 1 ■ 
Turn this Arch Into Time by dividing the Degree^ 
by 1^, and the Quotient gives the Hours j then 
multiph' the remaining Degrees by 4, and you have 
the Minutes; and likewife divide the Minutejj . 
which are the Parts of Degrees, by 15, and tha \ 
Quotient gives the horary Minutes : And if [here be | 
any Minutes of Degrees remaining after the Divi- 
Con, multiply them by 4, and you have the horary 
Seconds : The Time made up of thefe Hours, Mi- 
nutes and Seconds, (hews the Momen[ of the Cul- 
mination of [he S[ar. 

PROBLEMiX. Having the Place of the Sun^ 
or any Star, to find its oblique Afcenfion and Defcenr- 
fion ; as alfo itr Eafiern and IVeftern Amplitude. 
Bring the Place of the Sun or Star to the HorixoQ 
in the Eaft, and mark [he Poin[ of [he Equator 
[hat rifeth with ii ; it will be its oblique Afcen- 
C c 2 fion: 
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Lciiture fion : Then count from the Point of Eaft upon the 
XXX- Horiion, to the Place of the Sun or Star ; the 
VyW/ Degrees intercepted will be the Eallern Amplitude. 
If you bring the Place of the Sun or Star to the 
Wcftcrn Siie of the Horizon, the Degree of th« 
jtquator which goes down with it, is the oblique 
Defccnfioni and the Arch of the Horizon between 
the Weft Point, and the Place of the Sun or Star, is 
the Wcftcrn Amplitude. 

The Tri^tfjiowMrK*/ Solution of the Frohlem is 
this: Let HPOP- be the Meridian, .£ Q the 
jEquator, P the Pole, S the Sunj or Star in thcHo- 
Ti.xxvti,tiz:)n,whofe Declination isSRji"' the Point of Eaft 
Fig. I. or Well. In the right-anded Triangle o r R S, we 
have the Side R S the Dec!inatioQ.of tne Sun ot Star, 
and the Angle R»rS) which the j^quator makes 
wirh the Horizon, and is equal to the Completncnt 
^^^^^_ of the Latitude ; whence wc ftiall find the Arch o r R, 
^^^^^^ which is the A/cenfioual Dif^rence of the Sun ot 
^^^^^K S:ar ; which, added to the Right Afcention, or fub- 
^^^^^H tratfted from it, according as the Siui or Scar is 
^^^^^H towards the depreilcd or elevated Pole, gives the 
^^^^^H oblique Afcenfion. We Oiall have moreover in the 
^^^^^B fame Triangle, the Arch or S, the Amplitude of 
^^^^^1 the Sun or Star. Tlie Afcenfionat Dif^rence added 
^^^^^H. to 3 Quadrant, or fubtra<£ted from it, according as 
^^^^^H the Sun or Star is towards the elevated or deprelled 
^^^^^1 Pole, gives the Semidiurnal Arch ; which- being tuin- 
^^^^^H cd into Time, Ihews the Time of half the Stay of 
^^^^^H the Sun or Star above the Horizon. 
^^^^H FROBLEMX. Having the AfceHpons of the 

^^^^H Sun er Star, both Right and Oblijuf, to find the half 
^^^^H Tift of their Stay aSevs the Hariz.tm : At alfo iha 
^^^^^B Length nf Day and Sighty ami the Time ofSun-rifing 
^^^^^H and fet ting. Take the Difference of the Oblique 
^^^^H^ and Right Afcenfion, and we fhall have the AT- 
^^P ccnfional Difference: Convert it into Time, as 

^H we nicw'd in the Vlllth Problem, which, when the 

^B Sun or Star declines to the elevated Pole, is to be 

^V added to fix Hours ; hut if to the depreiTcd Pole, it 

^V is to be fubtraded from Gx Hours ; and we (hall 

■ . have half the Time of [he Stay of the Sun or Star 

^f aboye 
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above the"norizoni And trs Compleinent to 12 Leifhirc 
HoursjishalFtheTirae k abides under the Horiaon. XXX. 
Half the Time ofthe Sun's Stay above the Hoiiion,^ 
being computed from Nooiij gives the Time of Sun 
fecting; and half the Time of the Sun's Stay un- 
der the Horizon, computed from Midnight, gives 
the Hour of ihe Sun's riling; and the half Time 
of iheSun's Scay above fhe Horizon being doubled, 
fflves the Length of the Day ; and the half Time of 
the Stay beloy/ the Horizon doubled, gives [he 
Length of the Night, If you put the Hoar-hand 
to the i2th Hour, when tne Place of the Sun is 
in the Meridian, and turn the Globe round, till the 
Place of the Sun comes to the Eaftern Side of the 
Horizon, the Haod will point out the Hour of Sun- 
rifing: Bring it to the Wefliern Side of the Hori- 
zon, and the Hand will fiiew il-_e Titne of Sun-fct- 
i[^; from which it is eafy to compuEc the Leng'h. 
of Day and Night. 

PROBLEM XI. Ha'jhs tile Time of the Cuf- 
mitiation af a Star, and of its half Stay ahave tht , 
fJoTizon ; to find the. Hour of its rifing and fetting^ , ' 
If from iheTimeof the Star's Culminacionj you fub- 
trad the Time of the half Stay above the Horizon, 
you will have the Hour wherein the Scar rifeth :' 
If you add that Time to the Time of the Culmi- 
nation, yoii fliall have the Time of the Star's fet- 
ting, which in both Cafes is computed from Mid- 
Day. Or if, when the Place ot the Sun culminates, 
you bring the Hour-band ro the i2[h Hour, and 
then turn round ihe Gtehc, '[ill .the Star comes to 
the Eallern or Wcilern Side of the Horizon, the 
Hand will point to the Hour of itie Riling or 5cc- 
linK cf the Scar. 

TROBLEM Xn. To fad the Drgre; of tht 
EcHaiickj vibkh rifei ar fits iviih a given Star -^ 
ama from thence Fo determine iti Cofmical and j^ehro- 4A 
Hica! rifng and jetting. Bring rhe given Star 10 the ' 
Eaflcm orVVeftcrn Side of the Horizon, and mark 
whic Degree of the Ecliptick riles or f^ts wirh it ; 
then in the wooden HoiiZ'in look for that Sigr> 
and Degree which rofe or fee wiih the Srar ; auA. 
C c 5 - cs^.- 



390 ASTRONOMICAL 

Lcdure oycr-againft it in the Kalcndar, you will find the 
3fXX. Month and Day of the cofmical lUfing of the Scar. 

V^'V^V And if you look in the fame Honxon^ the Point op- 
polite to the rifing'Pointi over-againft it in the Ka- 
leqdar, you fhall have the Month and Day of its 
, cofmical Setting. So likewife, over-againft theDe- 
^ee that fets with the Star, you will find the Day 
and Month pf theachronical Setting; and theoppo- 
fite Degree w^l fliew in the Kalendar the Day and 
. Month of the Star's achronical Rifine;. 

Ta.xxTU. The TV/i^jwjw^/r/Vii/ Solution otxhtTrohkm is 

^%- 3- this: Let HO be the Horizon, HZO the Meri- 
cQan, JE* Qjht -Equator, E C die Ecliptick, Y the 
Point of InterfedHon of the Equator and Ecliptick ; 
A the Point of the Ecliptick which riles with the 
S^tar ; and the Point of the .^Equator which rifes widi 
theotar, fuppofe to be a r. In the Triangle Tor 
A, .we have T ar the oblique Afcenfion of the 
Scar; and the Angle T) the Inclination of the iEqua- 
tor and Ecliptick; and the Angle X o r hy the 
' Height of the iEquator above the Horizon, or its 
Complement to two right Angles. Hence we (hall 
find the Arch of the Ecliptick T A, and the Point 
of it A, which riles with the Star. But by the 
Kalendarj or an Ephemeris^ we have the Time when 
the Sun is in that Point; and therefore, we have 
the Time when the Star rifes cofmically ; we have 
likewife the Angle Y A ^r the Angle of the Eclip- 
tick and the Horizon at the rifing Point. When 
the Sun is in the Point oppofite to the Point A, 
then the Star rifes achronically: And by a like 
Calculation, we (hall find the Time when the Star 
lets cofmically or achronically. 

FHOBLEM XIII. Having the Latitude of 
the Flace^ andjhe Degree of the Ecliptick ivhich ri/es 
or fets 'With the Star^ to determine the heliacal Ripng 
or Setting of a Star. Bring the Star to the Eaftem 
Side of the Horizon, and turn the Quadrant of 
Altitude round to the Weftern Side, till it cut the 
Ecliptick in the twelfth Degree from the Horizon, 
on the Quadrant of Altitude, if the Star be of 
the firft Magnitude. Then mark the Point of the 

Ecliptick, 
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Ecliplick, where th« Quadrant interfefts it i that Lcfturt 
Poinr, when the Star riles, is twelve Degrees hi^h XXX. 
above the VVeftern Horizon, but at the fame time *y"V^ 
the oppotire Point is twelve Degrees below the 
Eaftern Horizon : Look thai Point iii the wooden 
HoiTion, and over-afjainft it you will find the 
Month and Day when the Run enters that Point of 
the EcUptick, which is the Day of the Scar's riling 
heliacally i when it begins lo get fo far from the 
Sun's Beams, that it may be feen in the Morning 
before Sun-rilina; but tf you would know the 
heliacal Setting, hrii^ the Star to the Weft-fide of 
the Horizon, and turn the Quadrant of Ahitude to 
the Eaft fide, 'till the twelfth Degree of it from the 
Horilon cuts the Ecliptick, and mark that Point 
where it incerfeifts the Ecliptick; the Point oppofire 
to this, is fo many Degrees deprcCt'd under the Ha- 
nson at the Weftein Side j and if we find, in the 
wooden Horizon, the Monili and Day when iheSun 
comes to that Point, we lliall have the Time of 
the heliacal Setting. 

By Triiiynomttry the VrohUm is thus to be fol-t».XXVn. 
ved: In the Figure of the preceding Prot/em,^'^' 5- 
let A be the Point of the Ecliptick, which rifes 
With the Star: And fuppofe ihe Sun in the Eclip- 
tick at O, fo that the Arch R of the Circle 
of Deprellion may be nor 15 Degrees, according 
as the Star is of ihe firft or fecond Magnitude. 
In the right-angled Triangle A R 0, we have the 
Angle R A Q, the Angle of the Ecliptick and Ho- 
rizon, and iHe Side R ®, which is 12 or 15 De- 
grees: Hence wcihall have the Side A©, which, 
added to T A, gives the Arch T 3, and the Point O, 
which the Sun muft be in when the Srar riles he- 
liacally. In the fame Manner, we may find the 
Time of the heliacal Setting. 

PROBLEM XrV. Ht-ving the 1.3ti!nde of 
the P/aee-, and the Place of the Sua in the Zdiptkk^ 
to find the Beginning and End of Twilishl, Re*Sify 
the GloL-e for rhc Latitude of the Place by TrohUm 
third, and put the Hour-Hjiid to ihe twelfth 
Hour, the Sun's P.ace being in ihc Meridian; 
C c 4 then 
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Lcdure then take the Point of the Ecliptick oppoGte to 
XXX. the Sun's Place, and turn the Globe Weftward, as 
atfo the Quadrant of Altitude, 'till the Point bppor 
fice to the Sun's Place, cut the Quadrant of Alti- 
tude in the i8rb Degree above the Horizon: The 
Hour-Hand will (hew the Time of Dawning in the 
Morning. But if you take the Point oppofite to 
the Sun, and bring it to the Eaftem Hemifpbere> 
and turn it 'till it meets with the Qus^rant of Al- 
titude in the iSth Degree, the Hand wiU fhew the 
Hour when Twilight ends in the Eveniog. The 
7Vifrimome$ricalSo\\xrxoaoi this Prohlem is laLeSitret 

XX. 

PROBLEMXV. Having the Lafit^Je of th^ 
Place^ and the Place cf. the Sun^ if *u)e have hefides 
aw/ one of the three pllowing Things^ viz. The Hour, 
of the Day or Nighty or the altitude or Apimuth 
ef the Sun or a Star ; to find th^ other two. KcStiff 
the Globe for the Latitude given, and bring the 
Place of the Sun to the Meridian ; and the Hour- 
Hand to the Twelve o* Qbck Hour : Then if the 
Hour be given, turn round ihcGlobe 'till the Hand 
points to it, and bring the Quadrant of Altitude 
to the Place pf the Sun or Star; you will fee in 
the graduated Edge, the D^ree of Altitude; and 
where the Quadrant interfe&s the Horizon, there 
you will find its Azimuth, to be counted from the 
Interfeftion of the Meridian and Horizon : But if 
the Altitude begiven^ turn the G^/'ff with one Hand, 
and the Quadrant of Altitude with the other, 'till 
the Place of the Sun meet with the Quadrant at 
the given Altitude; then the Hand will point to thq 
Hour^ and the Interfeflion of the Quadrant and 
Horizon will Ihew the Azimuth. But if the Azi- 
muth be given, turn the Quadrant 'till it interfeds 
thQ Horizon at the given Azimuth, and there keep 
it fixed ,• but turn the Globe^, 'till the Place of the 
Sun or Star meets with the Quadrant, and the De- 
grees upon the Quadrant will give the Altitude, 
and the Hour-Hand will point to the Hour. 

The 
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Tnv.Troblem isidiwtiTrigoKQvittTkally Aias: Let LeaHre 
H O be the Horizon, H P O the MeridUn, M Q^ XXX. 
the ^Equator, Z the VertcJt or Zenith, P the t^W* 
Pole, S the Sun or Star, whofe Diftance from thcTa-XIv^i 
Vertex is Z S, and S P the Complement of Decli- ^'^- * 
nation, or its Dillance from the Pole Bccaufe we 
have the Right Afcenfions of the Sun and Star, we 
have tbc Difference of their Right AfcenCons; which 
being turned into Time, will fiiew the Time of 
the Culmination of the Star; and the Arch which 
meafures the Angle jE PS, being turned intoTime, 
will give the Hour of the Night. Now in the Tri- 
angle Z PS, having ZP the Diftance of thcZcniih 
from the Pole, and PS the Complement of the De- 
clination of the Star; if I have, befides thefe two, 
the Angle P, which the Hour gives, we can from 
them find the Angle Z, which (liews the Star's Azi- 
muth, and the Arch ZS the Star's Zenith Diftance, 
which will (hew. the Altitude. Or if we have the 
Arch ZS) we (hall find the Angle P, and by thai: 
the Hour of th= Kighci as alfo the Angle PZS 
the Azimuth. Or if we have the Angle PZS, 
we can from thence find ZS the Complement 
of ihc AltituJe, and the Angle Z P S, which 
will give the Hour. By the fame Method, hav- 
ing tiic Altitude of the Sun, which we take 
by an Obfervali.qn ; and his Declination, which 
is known by Tables, from hii Place in the Ec- 
liptickj we can find the Angle jEPS, which 
being turned into Time, will give the Hour of 
die Day- 

PROBLEM XW\. To find tkf Difianee he- 
fwtin two Places en the Surface of the terrejlriat 
Globe. 

Let us, for Diltindion-fake, call one of the 
Places the firft, and the other the fecond, ReiJli- 
fy the Globt^ for the - Latitude of the firft Place, 
and bring it to the Meridian, and there fix the 
Globe with the Quadrant of Altitude to the Ver- 
tex, and lutn the Quadrant till its graduated Edge 
pa6 through the fecond Place : "liien count the 
P^ees of Diftance, from tde Vertex to the fticond 
Pltce, 
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Lefture Place: And the Arch of the Horizon intxireepted 
XXX. between the Meridian and Quadrant will give 

\^N^>i^the Angle of Pofirion. 

T».xxvi. By 7Vyi>»(w»f /J-/ we thus proceed: Let ^ Q_ 
be thej^quator, P ihePole, S,f cwo Places, wbofe 
Complements of Latitude arc PS and Pj; and 
becaufe their Longitudes arc given, we have their 
Difference of Lonfjicudc, which is mesfjrcd by 
the AngleSP/ : Therefore in the Triangle SP*, 
we have the Sides S P, r P, with the Angle S P / : 
by them we can find Si in Degrees and Minntts, 
which being converted into Miles, allowing 69 
Enghjb Miles for each Degree, we (hall have 
their Diftancc in Miles- We can alfo find the 
Angles PSi and V s S, which arc the Aog^ of 
Pofition. 

In (he Tame Manner in theFleavcns, if we have 
the Right Afcenfions and Declinations of twoStar% 
or their Longitudes and Latitude, wc fliall find 
their Diftances. 

PROBLEM XVII. For anf Tim airJ P/atfi 
to tftS tht Tbevre or Scheme ef the Heavens. Rc- 
flify the celclfial Ghbe for the Latitude of the 
Place. If yoii hive not a ccleftia! Glebsf a ter- 
reftrial will do- Take the Place of the Sun for 
the given Titne, and bring it co the Meridian> 
and the Hour-hand to the twelfth Hour; then 
turn the Globe^ till the Hand Ihews the given 
Hour: Or, if you like to be more accurate in 
your Work) to the Right Afceniion of the Suti, 
add fo many Degrees and Minutes, as the Time 
from Mid-day requires, for every Hour counting 
15 Degrees, and for every four Minutes a Degree, 
rejefling, if it exceeds it, ^60 Degrees ; To by 
this you will have the Right Afcenfion of Mid- 
heaven, or the Degree of the Equinoilial, which 
then culminates, which is to be placed under the 
Meridian. Then faften the Semicircle of Pofition 
to the Meridian, at the Points of South and North 
in the Horizon. From the Point of the y^quator 
ciilminaurg, couQt on the j^,q.ucor 30 Drgre^s 
EaflwarJ, 
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Eaftvvard, and bring the Semicircle of Pofition- Ledure 
to the 3och Degree, and obferve in what Degree XXX. 
this Semicircle cuts the Ecliptick ^ that will be " 
the Cufp of the eleventh Houfe, which muft be 
fet down on Paper, Again, move ;he Semicircle 
of Pofition to the 6oth Degree of the Equino- 
dial from the culminating Point, and mark .where 
it cuts the Ecliptick, and you have the Cufp of 
the twelfth Houfe, which is likewife to be writ 
down. Bring the Semicircle of Pofition to the 
Weftern Side, and^ count thirty Degrees from the 
culminating Point; and letting the Semicircle pafe 
thro' that Point, obferve where the Semicircle cuts 
the Ecliptick ; that will be the Cufp of the ninth 
Houfe. Then count from the culminating Point 
again Weftward (Jo Degrees, and the Semicircle 
of Pofition, paffing thro' that Point, will cut 
the Ecliptick in the Cufp of the eighth Houfe : 
And the Meridian cuts the Ecliptick in the Cufp 
of the tenth Houfe. And the Place where the Ho- 
rizon Eaftward cuts the Ecliptick, is the Cufp 
of the firft Houfe, or the Horofcope-^ and the Weft-^ 
ern Side of the Horizon fhews in the fame Eclip- 
tick, where it cues it, the Cufp of the feventh 
Houfe : And as it is diametrically oppofite to the 
firft ,• fo is the fecond to the eighth ; and the 
third to the ninth; the fifth to the eleventh; and 
the fixth to the twclfch. 

FROBLEM XVIIL Having ereffed the 
Theme J to MreB any Feint to any other Point. To 
a Planet or Afped affign its Place in the Zodi- 
ack, according to its Longitude and Latitude; and 
chufe any Planet or Degree of the Ecliptick, 
which you would direft, and which, for Diftin- 
Gtion fake, we will call the firft Place; and the 
Place to which you would direft this firft Place, 
call the fecond ; then thro' the firft Place, which 
ufed to be called the Significator, draw the Semi- 
circle of Pofition, and mark that Degree in which 
it cuts the Equator; i;lien, keeping the Semicir- 
cle in the fame Pofuion, turn the Globe Weft- 

ward. 
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Lcfture ward, 'till the fecond Place arrive at it ; and then 
XXX. again obfervc where the Egutnofiial a cut by the 

(^V^ffid Semicircle. Subtraft the Decree firft obferr 
ved, from the D^rce obfcrved m the fecond; 
adding, if need be, 360 Degrees 1 the Remainder is 
ti\e Arch of pircAioO} which vris to be found. 
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I. T^ HE Sacred Theory of Jhe EARTH: ConoiD- 
J^ ing ia Account of the Original of the Earth, 

And oi all the general Changes which it hath already uii< 
dcTgone, OS is to undergo, uil the Coofunicnation of ail 
' T'''i>SS* '° '^""^ BooJls. I. Concerning the DcJnec, 
1, Concerning Paradife. j. The Burning of the Worm. 
4. The New Heavens and New Earth. With a Reviewr- 
of the Theory, and of its Proofs, efpecially in reference 
to Scripture. As al&. The Author's Defence of the 
Work from the Exceptions of Mr, Warren, and the Ex- 
fltnination of Dr. KeU. And an Ode to the Author by 
Mr. Adiifon. In Two Volumes. 

1. Remarks on ftveral Parts of E U & O P E, relating 
chiefly to theit Antiquities and Hiftory. ColleiScd upo» 
the Spot, in fcveraJ Tours finee the Year 1713, and 
iUuftratcd by upwards of forty Copper Plates, from ori- 
ginal Drawings, among which are the Ruins of Tcveral 
Temples, Theatres, Amphitheitres. Triumphal Arches. ' 
and other uopublifh'd Monuments of the Greek and Rb-. 
WMB Times, io Skily, and ttie South of Irastce. By 
John Brewil, Efq; In Two Volumes. 

J. The Hiftory of the Conqueft of Mtxico by the 
Sfanhrili. Traoflated into Eaglijh, from the Original 
SfAniJh of Don Anlonio li^ SnUs, Secretary and HiHorio- 
gripher CD hisCatholick Mijcify. By ThonMiTowaJbead, 
Elqi bee Lie^renanr- Colonel in Brigadier-General i^tm/cn's 
ELegimicqt. The whole Trjoflacion Revifed and Cor- 
reifted by Nathaaail Hooke, Elqj Tranflator of the Travels 
f>f Cyrui, and the Life of the ArchbiOjnp of Ciimiray. 
in Two Volumes. 

^. The British (or English) CoMPENniuw. 
|a Two Parts. Which contains the Original and Rile 
of Honour, rfic loftitucioQ and Creation of all Degrees 
(if Peerage, with the Ceremony of Invcfliturej the 
Titles, Qefcent, Marriages, and IlTue of the Royal family. 
Together with all thoie of the Nobility, and their feve-r 
ral Polts, ArniE, and Seats; as likewii^, the Time of 
ConfecraiionandTranDation of all the Bifliopsi the Idy 
ftitution of the Knighis of chcGarcer, Bath, and Baronets, 
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with Li(b thereof to the prefent Time; and an Account 

of all the Great Offices in the l^ingdom, and by vrhom 

cnjoy'd. 

. f. The British (or Scotch) Compendium. 

IVhich contains (beddes an Account of the Nobility) the 
Origin of the Scots, and Succeflion pf their Kings for 
above looo Years: As alio the Order of the Klnlehts 
of St. Andrew and Novm Scotis, with their feveral Badges 
finely engrav'd $ a Lift of the Sixteen Peers eledted to 
the feveral Parliaments of GreMt- Britain fince the Union i 
and an Account of the Regalia, and Riding of Parlia- 
ments. 

6. The Irish Compendium. Containing an 
Account of the Nobility of that Kingdom, their Arms, 
^c. To which is added, A Supplement to the Three 
Volumes, (which completes the Scty^ wherein the Anti- 
quity, Dignity, and Ufe of Armories are fet forth j with 
above 900 Examples engrav'd and blazon'd, towards at- 
taining a perfeA Knowledge of the noble Science of 
Heraldry : And to them are fubjoin'd, the Atchieve- 
snents and Regalia made ufe of at Funeral Solemnities, 
and the Office and Dignity of an Herald. 

7. A complete Body of Distilling; explaining the 
Myfterics of that Science, in a moil eafy and familiar 
Manner, containing an cxadV and accurate Method of 
making all the Compound Cordial Waters now in Ufe, 
with a particular Account of their feveral Virtues. As 
alio a DirtSioryt coniifting of all the Inftru(5lions ncccf- 
iary for learning the Diftiller's Art, with a Computation 
of the original Coft of the feveral Ingredients, and thei 
Profits ariling in Sale, adapted no Icfs to the Ufe of pri- 
vate Families, than of Apothecaries and Diftillcrs. In 
Two Parts. By George Smithy of Kendal in Wvjlmorlantl. 
The Third Edition. 

8. The Nriture of F e r m f. k t a t i o n explained j wir h 
the Method of opening the Body of any Grain or vege- 
table Subjedl, fo as to obtain from it a fpirituous Liquor ; 
exemplified by the Procefs of preparing Rum, as 'tis 
managed in the Weft-Indies. With many other ufcful 
Rcfieftions and Oblervacions. To which is added, A 
CoUcftion of feveral Compound Cordial Waters, with 
the Art of preparing fome artificial Wines, not hitherto 
publiflisd, by Way of Appendix to the Complete Body 
of Diftilling. By the iame Author, 



